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ONLY KIN TEL DIGITAL VOLTMETERsS| 


GIVE YOU ALL THESE ADVANTAGES 
| 


1. SINGLE-PLANE READOUT: KIN TEL digital voltmeters employ a simple projection | 
system to present numbers on a readable single plane...no superimposed outlines of “off” 
digits...reduced possibility of error. Standard pilot lamps give extra long life. 





2. ADVANCED CIRCUIT DESIGN: Transistors employed where they contribute to per. 
formance and reliability...relay drive coils energized with DC as in telephone type 
service to provide long, trouble-free operation ...automatic, continuous standard cell 
calibration. No electronic circuitry in readout allows easy remote mounting. Sensitivity 
control permits stable reading of noisy signals. 


3. MANUFACTURING EXPERIENCE: KIN TEL has manufactured over 10,000 “standard 
cell accuracy” DC instruments on a true production line basis. Only by this method, by 
years of repeated manufacturing experience, by an over-all awareness of the accuracies 
and tolerances involved, is it possible to guarantee consistent accuracy and reliability... 
to assure real value for every dollar you invest. 


4. NATIONWIDE APPLICATION ENGINEERING FACILITIES: KIN TEL has engineering 
representatives in every major city. An experienced staff of over 200 field engineers is 
always immediately available to help solve your application problems, provide technical 
data, or prepare a detailed proposal. Factory level service is available in all areas. 


56. DESIDERATE SPECIFICATIONS (MODEL 4018 DC DIGITAL VOLTMETER): Display... 4 digit with 
automatic polarity indication and decimal placement. Total display area 2” high x 7%” 
long, internally illuminated. Each digit 1%” high. Automatic Ranges... .0001 to 999.9 
volts covered in 4 automatic ranges. Sensitivity control provides gain +10 setting and 
least digit sensitivities of .1, 1, and 10 mv. Accuracy... 0.01% +1 digit. Counting Rate 
...20 counts per sec., providing average balance (reading) time of 1 sec. Reference Volt- 
age...Chopper-stabilized supply, referenced to an unsaturated mercury-cadmium standard 
cell. Input Impedance ...10 megohms, on all ranges. Output...Visual display, plus print 
control. Automatic print impulse when the meter assumes balance. No accessories required 
to drive parallel input printers. Jnput...115 volt, 60 cycle, single phase, approx. 75 VA. 
Dimensions ...Control unit, 544” high x 19” wide x 18” deep. Readout display, 3%” high 
x 19” wide x 9” deep. Weight... Approx. 40 lb. Price ...$2,450. 











Model 402B AC/DC 4-digit Model 4018 DC 4-digit Mode/ § 


6. WIDE RANGE OF MODELS —ACCESSORIES— SPECIAL SYSTEMS: Versatile “digital 
building blocks” permit measurement of AC, ohms, ratios of AC and DC, automatic scan- A 
ning of multiple inputs...4- or 5-digit models. Preamplifiers increase digital voltmeter 
sensitivity to 1 microvolt DC, 10 microvolts AC. Buffers permit 
driving typewriters, tape punches and printers. KIN TEL’s Special 
Products Department can design and manufacture digital instru- — 
ments to meet special requirements...complete digital systems for [* TrTT 
data logging, missile checkout and automatic production line testing. Bai - i. 
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Write today for descriptive literature or demonstration. 5725 Kearny Villa Road, San Diego 11, California missile 
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offer double dividends: lightweight liquid storage plus unmatched all-weather mobility 


— OR COMES BY AIR? 


Delivered by air, Rolli-Tankers 
can be attached to waiting trucks 
—and rolling—in matter of min- 
utes. Fully loaded tankers survive 
free falls of 15 feet. 


— OR FLOATS WITH YOU? 


Filled with fuel, Rolli-Tankers 
have natural buoyancy — ride 
through water, roll right up the 
beach! Eliminates long-line hoses 
and pumping 


WEED FUEL THAT ROLLS WITH YOU? 


These big Rolli-Tankers hold 500 
gallons each, can be towed in 
long “fuel trains” over roughest 
terrain. Tire-like containers roll 
so easily a man can pull one. 
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LOOK! FLOATING FUEL STATION 


“Pillow Tanks” in the water serve 
as “fuel islands’’—eliminate 
stringing of long-line hoses or 
pumping from remote point. 
Tanks available in sizes up to 
50,000 gallons. 


WANT TO SAVE FUEL SPACE? 


Goodyear has pioneered the 
development of spacesaving fuel 
cells and tanks for aircraft, boats, 
vehicles, missiles. This experi- 
ence can best answer your fuel 
storage problem. 


HOW ABOUT A PORTABLE FUEL FARM? 


Called “Pillow Tanks,” these 
tough, rubberized fabric con- 
tainers can be set up, filled and 
pumping in 45 minutes. Great 
where temporary or emergency 
storage of bulk liquids is needed. 





FOR COMPLETE INFORMATION on these and other new developments in fuel storage and trans- 
port, write Goodyear, Aviation Products Division, Akron 16, Ohio, or Los Angeles 54, California. 
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Rolli-Tanker—T.M. The Goodyear Tire & Rubber Company, Akron, Offi 
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what can you do with this versatile 


FLUID HANDLING HARDWARE? 


H,O, NOZZLE and ADAPTER 
Model QD-7 

Fast, safe, easy servicing of aircraft and 

nissiles. Adaptable for other fluids 

® Self-sealing 

® Lightweight 

® Working parts isolated from fluid 


* Nozzle must be locked to adap- 
ter to actuate internal valves 


Sizes: 1/2” to 8” 1.D. 
50 to 1,500 gpm. 


QUICK DISCONNECT Mode! QD-2 


For mercury-cooled nuclear power plants 
or conventional systems. Can be modified 
for remote operations ond a wide 
range of fluids, gases or liquid metals. 


* “Push-to-lock”, “‘pull-to- 
open” 
® Both halves self-sealing 





® Proof pressure — 300 psi. 
® Sizes: Yo” to 6” 1.D. 


MAGNETIC FLUID ‘FLOAT SWITCH 
LEVEL INDICATOR Model FS-2 








Dripless checking of Operates electrically actuated 
tank fluid levels in sta- valves and indicator lights. For 
tionary and propelled aircraft and missile fluid systems 
equipment. Any size 

i] with graduations for a ® Enclosed switch 

5 variety of tank shapes. mechanism 


© Easy, under-the-tank check ° Weighs only 10 ozs. 


® Lightweight ° five 4 sama load 
2 

plbeccbeaomponns e Highly-efficient where 
© No power requirements Quit lavas: Ganges 


e No complex hidden linkages 


FREE CATALOG 


Inc. 


FRIENDSHIP INTERNATIONAL AIRPORT @ BALTIMORE 3, MD 


West Coast Representative: William E. Davis, P. O. Box 642, Inglewood, Calif. 
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# JANUARY 26 HEADLINES 


$7 Billion for Missiles; $830 Million for Space 


President sends $77 billion budget to Congress; Minuteman, 
Hound Dog, Polaris programs to benefit; ARPA and NASA 
budgets increased ... Re Satie 2 


7 ASTRONAUTICS ENGINEERING 


1959 Missile Materials Outlook 

What are the prospects for metals, ceramics and plastics to 

meet demands of high temperatures, strength, lightness and 
corrosion resistance? The answers are provided by m/r Pro- 
pulsion and Chemistry Editor Alfred J. Zaehringer in this special 

review .. — 24 


> missive ELECTRONICS 


Re-entry Navigation: No ‘Breakthrough’ Required 


Use of the earth’s horizon through infrared methods as a 
vertical reference for space vehicles is advocated by Sperry 


scientist . , 29 


* NEW MISSILE PRODUCTS 


Multiple Welds Produce ‘Problem Parts’ 


Tape-controlled, multiple-torch Heliarc spot welding machine 


developed by Linde Co. is producing ‘problem’ parts for Terrier ..35 


Electrolytic Capacitors Have Long Shelf Life ........... 35 


t DEPARTMENTS 


Editorial 11 West Coast Industry sbeuee 
Washington Countdown 15 Contract Awards 46 
Industry Countdown : 17 Missile People . : 49 
Propulsion Engineering . 43 When and Where 50 





Cover: Acme-Newport Steel Co. Re- 
duces ingot to plate for astronautics 
work. (p. 24) 


SPARROW Ill IN ACTION 





Rapid fire sequence shows second 
generation air-to-air missile in action. 





F3H-2 Demon can carry four Spar- 
rows, fired either singly or in rapid 


series. 





Warhead delivers 50% more ex- 
plosive force than other air-to-air guided 
missiles. 





Raytheon missile will fire at target 
automatically when it comes in range. 








Republic is the worlds large 


ber, 


U.S. Army's FJUPITER C 


(Official Army Photo) | 


| (Official, Navy Photo) 
a al... 


see 2 


STAINLESS resistance: TITANIUM 
LLOY STEELS... for high 
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editorial 





Neither Life nor Defense Ends at 40 


There are any number of questionable things in 
the President's proposed federal budget for Fiscal 
Year 1960 (like basing its balance on some highly 
dubious proposed legislation) but m/r’s chief quar- 
rel is with the way it plays fast and loose in a num- 
bers racket with the security of the country. 

The President and the administration seem to be 
preoccupied with the number “forty.” Is it magic? 
For three years—1958, 1959 and now 1960—the 
budget of the Department of Defense, which includes 
the services, the Advanced Research Projects Agency 
and the Office of the Secretary of Defense itself, has 
been arbitrarily pegged at $40 billion, plus or minus 
about the cost of one missile launching. 

Comes Sputnik, comes Lunik, comes hell or high 
water, the security of the United States of America 
seems to be rated at $40 billion. There isn’t even an 
increase for the rising cost of living, let alone the 
cost of a million-pound-thrust engine or a multi-ton 
satellite which would help us gain parity with the 
Russians in the space race. 

Instead of an adult acceptance of the country’s 
situation and an honest approach to solution, we are 
given figures, previously arrived at, which don't 
mean exactly what they say. (And, incidentally, 
don’t say it the same way twice throughout the 1027 
pages of the budget book—What a spot for some 
R&D on standardization. ) 

We are informed, for instance, that the budget 
includes some $5% billion for military research and 
development—a healthy increase over the previous 
two years—and then shyly told that this sum includes 
test and evaluation support. This is another way 
of saying that the money for the very expensive test 
hardware and test activities—such as range opera- 
tion—now comes from R&D funds instead of from 
production and procurement as it had before. 

We are told that the budget for Fiscal 1960 in- 
cludes about $7 billion for missiles—and then comes 
the admission that this really means missile systems 
and that includes about everything except the block- 
house sink. It takes in, for example, the cost of the 
Polaris submarine being constructed to fire the 
Polaris missile. It takes in the cost of constructing 
Titan bases—right down to the cement hardstands 
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at Cheyenne. This may be all right and proper 
but why not say so plainly? How much are we going 
to spend for actual missiles which would give us 
some measure of our defense situation? 

Nestling in the budgets for the National Aero- 
nautics and Space Administration and the Advanced 
Research Projects Agency is something on the order 
of $700 million to be spent during Fiscal 1960 on 
space projects, both peaceful and military. This fig- 
ure must encompass research, development and test- 
ing of every space project accomplished during 12 
months. It must cover such items as the Discoverer 
program, under ARPA, which envisions a dozen or 
so satellites in orbit, possibly ending with a recon- 
naissance Camera. 

It must cover NASA’s Project Mercury, which 
hopes to place mice, monkeys and men in a space 
capsule to orbit the earth and be recovered. It must 
cover a million-pound-thrust engine in one piece 
(NASA) and a million-and-a-half-pound-thrust en- 
gine clustered (ARPA). Elsewhere in this issue are 
more detailed listings of the roles and missions of 
these two agencies on whose talents (and budgets) 
rest the future security of the country, from a space 
point of view. 

And it’s business as usual for the nuclear-pow- 
ered airplane and its capability as a missile launch- 
ing platform. About the same amount will be spent 
on this project in 1960 as in 1959, the President 
said. This, incidentally, was darned little. 

Rep. George Mahon, chairman of the House 
Defense Appropriations Subcommittee, should find a 
great deal of support for his attitude after reading 
the budget. He said: 

“There is every likelihood that the 1960 defense 
budget will be found wanting. The American people 
are willing to pay for adequate defense. And I pro- 
pose to put the defense program ahead of budgetary 
considerations.” 

We believe the people of this country would 
prefer to face up to, deal with and pay for an honest 
and forthright defense program, rather than be 
fooled by figures which add up to a magic number. 


Clarke Newlon 








Advances on the 
frontiers 
of electronics 


At IBM, gifted scientists and engineers are searching 
out designs for new and highly advanced systems of 
computer logic. In this effort, recently formulated con- 
cepts of machine theory are explored and applied to 
developing such electronic innovations as... milli- 
microsecond digital computers...miniaturized com- 
puters ...and unusually different automatic detection, 
diagnostic, and error-correction methods. This is only 
one of the many exciting areas for creative careers 
with IBM that await the talented scientific investigator. 


A career with IBM. If you would enjoy solving difficult 
problems in a field of unlimited potential, investigate 
an IBM career. A recognized leader in the electronic 
systems field, IBM offers unusual opportunities for 
technical achievement and professional advancement. 
You will find stability, liberal company benefits, 
company-paid relocation expenses, advancement on 
merit—and a unique record of growth. Salaries are com- 
mensurate with your abilities and experience. 


Assignments open in these 
development areas: 


Cryogenics 

Digital computer design and programming 
Guidance and detection systems analysis 
Low temperature physics 

Magnetic devices 

Optical systems for data presentation 
Solid-state physics 

Qualifications: B.S., M.S., or Ph.D. 
Degree in Electrical Engineering, Physics, 
Mathematics, or related disciplines. 
Industrial experience is desirable. 


Write, outlining qualifications 
and experience, to: 


Mr. D. H. Hammers, Dept. 604A 
Military Products Division 

IBM Corporation 

Kingston, N. Y. 
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.F. Goodrich Fabric Tread Tires picked for the X-15 


Up, up — 100 miles up at fantastic speeds — the North safer takeoffs, more landings, for your supersonic aircraft. 
American X-15 will carry man to the fringe of Earth's atmos- Find out more about Fabric Tread right now by contacting 
phere. And when the X-15 lands it will land at a speed that B.F.Goodrich Aviation Products, a division of The B.F.Goodrich 
will demand top tire performance. Company, Dept. MR-19, Akron, Ohio. 


That's why B.F.Goodrich Fabric Tread Tires have been 
wlected for the nose wheels of the X-15. Already in service 
on our fastest jet fighters and missiles, these revolutionary 
B.F.Goodrich tires outperform all previous jet tires. 

Nylon laminates built into tread stock reduce rubber dis- 
wrtion under load, equalize modulus between tread and car- 
ass, check formation of “shock wave”. Unique Fabric Tread 
ksigns eliminate stress points found in ordinary high-speed 
lites, also resist tread cutting and punctures. Cross-section of Fabric Tread 





Without a doubt, B.F.Goodrich Fabric Tread Tires mean Tire showing nylon laminates 


BE G 00 drich aviation products 
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FLUX DENSITY (B) IN KILOGAUSSES 
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MAGNETIZING FORCE (H) IN OERSTEDS 


B-H curve for average precision cast Hipernik. 


Investment casting eliminates costly machining of this 
Hipernik magnetic alloy hysteresis clutch. 


Westinghouse Hipernik Casting The field of electronics has created special metal problems. The 


Westinghouse Metals Plant has accepted and solved some of 


these problems. 
Cast Hipernik® 


is particularly adaptable to the requirements 


of missile control systems. Other applications in the electron 


Ss 8 8 cuts costs, control and instrumentation fields are transformer cores, pole 


pieces, solenoids, torque motors, magnetic clutches and many 


special magnetic applications. 


* 
The Westinghouse Metals Plant may be able to cut your costs 
re alns by eliminating unnecessary machining, yet delivering to you a 
completely finished component ready for assembly. This modern 
metals plant can furnish strip, sheet and bar stock in other mag- 


® » ; - 
netic and high temperature alloys. Write to: Westinghouse 
il ne IC [0 eT les Metals Plant, Blairsville, Pennsylvania. Our latest bulletin 
on Hipernik will be sent to you by return mail J-0500 


you CAN BE SURE...1F iTS Westi nN ghouse 
= —_ C 


WATCH “WESTINGHOUSE LUCILLE BALL-DES!I ARNAZ SHOWS CBS-TV MONDAYS 
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washington countdown 


Russian IRBM’s . . . 

are Zeroed-in on every major in- 
stallation in Western Europe, except two air- 
bases in Spain, Rep. Daniel Flood (D-Pa.) 
told m/r. Flood said the IRBM’s are 90% 
effective, compared with 50% for Thor which 
will be operational about March |. Russia has 
50 ICBM’s but they are only 50% effective. 
And by the time the West has a 50% effective 
operational ICBM, the Reds will have 10 times 
aS many with an efficiency of 90% , Flood said. 


Look for Dr. Herbert York .. . 


to take more and more direct au- 
thority over the services in R&D matters, up 
to having one-man authority over service R&D 
projects. If and when Roy Johnson should 
leave as head of ARPA, his successor will 
probably report to York instead of the Sec- 
retary of Defense. 


A combined R&D budget .. . 


for all services would be an ad- 
vantage, a defense spokesman told reporters at 
the OSD budget briefing. That could easily be 
a forerunner of a complete combined defense 
budget. 


3,000 mile Polaris . . . 

poses no real problems, according 
to Rear Adm. William F. Raborn. He said the 
Navy is planning to put the longer-range 
IRBM on carriers and cruisers. It would be 
lengthened to carry more fuel. Cost is esti- 
mated at about $25 million. 


Favorable Soviet lunar 

probe dates this month are Jan 
26-27. NASA will not launch Pioneer IV, 
however, until late February, using modified 
Jupiter. 


To avoid any incident 

in connection with the launching 
of the first satellite from Vandenberg AFB, 
plans are to evacuate little railroad community 
of Surf (about 35 people) and lighthouse at 
Point Arguello. Only one man—reported to be 
the railroad telegrapher—will remain in Surf, 
about five miles south of the launching pads. 
Discoverer launching was scheduled as m/r 
went to press. 


Space committees membership . . . 
is shaping up two Democrats for 

every Republican. Nominations for the House 

standing committee on space and sciences list 


16 Democrats and eight Republicans. The 
Democratic nominees are: Brooks, La., chair- 
man; McCormack, Mass.; Miller, Calif.; 
Teague, Texas; Anfuso, N.Y.; Sisk, Calif.; 
Mitchell, Ga.; Quigley, Pa.; Hall, N.C.; Wolf, 
lowa; Karth, Minn.; Hechler, W.Va.; Dad- 
dario, Conn.; Moeller, Ohio; King, Utah; and 
Roush, Ind. GOP nominees are: Martin, 
Mass.; McDonough, Calif.; Fulton, Pa.; Chen- 
oweth, Colo.; Osmers, N.J.; Van Pelt, Wis.; 
Baumhart, Ohio; and Bass, N.H. 


Democratic members of Senate . . . 

Standing committee on Aeronau- 
tical and Space Sciences are: Johnson, Texas, 
Chairman; Russell, Ga.; Anderson, N.M.; 
Magnuson, Wash.; Kerr, Okla.; Symington, 
Mo.; Stennis, Miss.; Young, Ohio; Dodd, 
Conn.; and Cannon, Nev. The Republicans 
will have approximately five members. 


A Soviet space handbook .. . 
published in January, 1958, indi- 
cates the Russian space program is on sched- 
ule. The handbook listed plans for five space 
shots of which the first three were to orbit 
earth satellites, the fourth was to hit the moon, 
and the fifth was to go into a solar orbit. 


12 U.S. satellites will be launched . . . 

in 1959-60, according to Dr. T. 
Keith Glennan, NASA Administrator. Glen- 
nan said about 40 space probes with upper 
atmosphere sounding rockets are planned. He 
favors sharing the costs of satellite launchings 
with other nations, and said unofficial discus- 
sions already have been held between U.S., 
Canada, Britain, and Russia. 


Russian report from 21st Century . . . 

passes up trips to the moon as 
commonplace. Other accomplishments in next 
100 years seen by 29 Soviet scientists in a 
book reviewed by Tass include: concentration 
on reaching Saturn, Jupiter, Uranus and Pluto; 
utilization of moon resources; and studying 
geology, physics and meteorology of other 
planets 


Many members of the ABMA team . . . 

would like to see ABMA become 
a part of NASA, Dr. Homer J. Stewart, 
NASA’s director of Program Planning and 
Evaluation, told members of the National 
Rocket Club. He said only time would tell 
what ABMA’s future status will be, but it 
would be of great benefit to NASA. 
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With delivery of its 500th system, CEC has an unparalleled back:- 

ground in the design, development, and production of automatic, 
X 

high-speed digital data handling systems. Management who demand 


performance recognize CEC as the accepted leader in automatic data 





systems. These proven systems are now reducing telemetry flight-test 
data and processing data from rocket, wind tunnel, jet engine, nuclear 


reactor, and thermal structure test facilities throughout the country. 


es 
Systems Division ( $-~ 


CONSOLIDATED ELECTRODYNAMICS 300 N. Sierra Madre Villa, Pasadena, Calif. 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 


For information on the proved capabilities of CEC’s Systems 
Division, write today for Systems Bulletin 1304-X48, coverin 8 
High-Speed Digital Data Handling; Airborne Engine 
Vibration Monitoring; Rocket and Jet Engine Test; Automatic 
Pilot Plant (Chemical); Nuclear Instrumentation; Fuel Process 
Control (Cryogenic); Missile Ground Support Equipment 


500 systems... from 
physical phenomenon to 
final computation, CEC’s 

integrated systems provide 
speed and efficiency in 
every phase of operation. 
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industry countdown 


One hundred contractors . . . 

accounted for 74.2% of military 
funds from July 1, 1957 to June 30, 1958. 
This is an increase of 5.8% in contracts by 
the companies over fiscal year 1957. Twenty- 
four are engaged mainly in missile and aircraft 
programs and their awards amounted to 56% 
of the value of all defense contracts of $10,000 
or more. Boeing and General Dynamics lead 
the list and their total percentage was as large 
as the net increase in the entire list of 100. 
Boeing contracts increased from $907 million 
in FY °57 to $2.131 billion in FY °58. Fifty- 
four percent of the contract awards were sub- 
contracted with more than one-third going 
to small business. 


Aerojet willexpand .. . 

solid propellant rocket facilities 
to meet the increased demands of new pro- 
jects. An estimated $30 million will be spent 
for new construction at its solid rocket facility 
at Sacramento for work on Polaris, Minute- 
man, and Dyna-Soar. Expansion includes new 
machine shops, mixing plants, and static test 
stands. Employment has increased from 1,450 
to 4,200 at the solid facility. 


Delivery of Bullpup motors . . . 

is underway from the Naval Pro- 
pellant Plant, Indian Head, Md. for fleet 
evaluation. The solid propellant motor was 
designed by the Allegany Ballistics Lab., 
operated by Hercules Powder Co. for the 
Navy Bureau of Ordnance. The Indian Head 
plant is producing and loading the motors. 


Flight test model .. . 

of a variable thrust liquid rocket 
engine using pyrophoric fuels, already ground 
tested by its developer—NOTS China Lake— 
is expected soon. NOTS tested a 10,000 pound 
thrust version that is similar to one to be 
installed in the X-/5. 





First molybdenum casting . . 

produced by Bureau of Mines 
scientists at Albany, Ore., is termed “a 
major metallurgical breakthrough.” The com- 
mercial value is still questionable but the 
process possibly could reduce the steps neces- 
sary to make missiles parts, reducing costs. 
A 30-lb. block of moly was melted in a water- 
cooled, copper-lined crucible with an elec- 
tric arc in inert atmosphere. A rotating graph- 


ite cylinder mold forced the molten metal 
into a cylinder 442 inches in diameter and 8 
inches long. 


Jupiter may become target missile . . . 
for Nike-Zeus or other AICBM 
systems under a Chrysler proposal. ARGMA 
has given the Detroit firm—already making 
personnel cutbacks because of phasing out of 
Redstone and Jupiter programs—a feasibility 
study contract. Conversion would consist of 
reducing complexity of system, including 
guidance, to make it less expensive. 





Stavid Engineering will study . . 

weather conditions for the Army 
Signal Supply Agency with a $500,000 con- 
tract to develop a Sferics system for detect- 
ing and locating atmospheric conditions at 
long range. 


Gulf Oil has exercised option. . . 

to increase its financial interest 
in Callery Chemical Co. to 50% by buying a 
25% interest. Callery, which cpened its $5 
million plant in Lawrence, Kan., recently, 
will continue its present management. 


Contract for first ICBM pads... 

at the Navy’s Point Arguello mis- 
sile facility has gone to Wells-Benz, Inc. of 
San Diego with a bid of $4.6 million. Contract 
includes one launch building, two pads and 
other facilities to be constructed under the di- 
rection of the Pacific Missile Range. Ralph M. 
Parsons Co. designed and prepared specifica- 
tions under directions of AF Ballistic Mis- 
sile Division. 


Project Discoverer pad work .. . 

underway at Point Arguello will, 
informally be completed in 942 months. Con- 
struction involving more than 400 subcontrac- 
tors calls for two structural steel towers, and 
two missile launching pads. 


Ground support equipment. . . 

involves more than 50% of the 
dollar volume in missile systems, according to 
B. J. Meldrum of Chrysler Corp. Meldrum 
reports the Redstone, system requires a dozen 
major vehicles packed with intricate equip- 
ment to transport, set up, fuel, and fire the 
missile in the field. 
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U.S. ARMY MISSILES 





The man: 


AU.S. Army missileman working 
with Nike Hercules missile equip- 
ment. The modern Army relies 
heavily on the special skills and 
knowledge of men like this who 
are trained extensively in military 
schools, and supported technically 
in the field by Army Ordnance 
Corps, Western Electric and 


Douglas field service men. 
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The mission: 


Defense of U.S. cities. Army Nike 
Hercules units are already on duty 
at many key points...have the im- 
portant assignment of guarding 


against enemy aircraft. 
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The missile: 


Douglas-built Nike Hercules, 
product of a Douglas-Western 
Electric-Army Ordnance team, 
has successfully engaged super- 
sonic drone targets at altitudes 
well over 60,000 feet. Other 
drone targets have been de- 
stroyed up to 100,000 feet, and 


at ranges beyond 75 miles. 


PN o6¢466¢6eo0% Combat ready 
Pt pees eeaws 75 miles plus 
Se Supersonic 
Warhead. . Nuclear or conventional 
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by Clarke Newlon 


WASHINGTON—President Eisenhow- 
er has presented to Congress a budget 
for Fiscal Year 1960 which includes $7 


great deal of non-missile money even 
to such items as the submarines which 


will fire the Polaris. (It does not in- 


$830 million for space exploration; 
Minuteman, Hound Dog, Polaris, 
Nike-Zeus programs to be accel- 


MAGAZINE OF 


erated in 


could include ground support equip- 
ment down to cement hardstands.) 
Programmed by the National Aero- 
nautics and Space Administration, the 
Advance Research Projects Agency and 


Of this total, national security gets 
$45.8 billion, with the Defense Depart- 
ment taking $40.9 billion as compared 
to $40.8 billion in 1959. 


WORLD ASTRONAUTICS 


- Budget Holds $7 Billion for Missiles 


$40 billion 
budget. ARPA wants $455 million; 
NASA budget is $485 million. 


defense 


* Comparison—The FY 1960 De- 
partment of Defense budget (in bil- 
lions), with FY 1959 in parentheses, is: 

New appropriations (or new obli- 
gational authority, $40.850 ($41.138); 


billion for missile weapons systems and the Atomic Energy Commission is the buy money (or direct obligations), 

§830 million for space projects. $830 million for ‘space exploration. $42.707 ($43.435); pay money (ex- 
[he $7 billion figure was set by sev- Che overall U.S. budget totals $77.0 penditures), $40.945 ($40.800). 

eral budget interpreters, including De- billion. Receipts are anticipated at The three military services will 

fense Department Comptroller, Assist- $77.1 billion, leaving a space-thin $100 share as follows: 

ant Secretary W. J. McNeil. The actual million margin of surplus. Air Force. $18.7 billion (only 

Office of Secretary of Defense figure Compared to last year, it looks like slightly less than in 1959); Army, 

lor procurement and production of this: $9.35 billion (up slightly from 1959); 

missiles was $4.162 billion, with the 1959 1960 Navy, $11.37 billion (down $400 mil- 

remainder being included in research (billion) (billion) —_jion from 1959); OSD, $1.4 billion (up 

and development and in ground sup- Receipts ........ $68.0 $77.1 $170 million from 1959). 

port appropriations. Expenditures ...... $80.9 $77.0 Added to the Defense budget will 
However, McNeil said that even $12.9 $ .1 be approximately $0.7 billion appro- 

the $4.162 billion figure included a (deficit) (surplus) prjiated by Congress for 1959 but not 


spent. Of this, $308 million goes for 
one Polaris sub and one submarine 
tender. Another $300 million is added 


clude aircraft, he said, but certainly to the Polaris missile program. Also 






































DEPARTMENT OF DEFENSE FISCAL YEAR FY 1960 BUDGET SUMMARY (Millions of Dollars) 
DIRECT OBLIGATIONS |Buy Money! EXPENDITURES | Pay Money! 
AIR | AIR 
TITLE TOTAL ARMY NAVY FORCE OSD TOTAL ARMY NAVY FORCE | OSD 
OPERATING COSTS 22,477 7,114 6,088 8,492 783 22,319 7,108 | 6,025 8,407 780 
MILITARY PERSONNEL | 11,965 3,908 33.2% 4,066 715 11,934 3,897 3,264 4,058 715 

Active Forces | (10,642) | (3,514) (3,164) (3,964) (10,617) | (3,506) | (3,152) iy Te oa 

Reserve Forces | (608) (394) (112) (102) (602) (391) | (12) | C99) 

Retired Pay | (715) (715) (715) | = (715) 
OPERATION AND MAINTENANCE | 10,512 3,206 2,812 4,426 68 10,385 =| 3.211 =| 2,761 4,349 | 65 
> a < : <a 

CAPITAL COSTS | 20,231 2,793 5,993 | 10,817 628 19,030 | 2,422 | 5,727 | 10.293 | 86588 
PROCUREMENT 14.919 1,373 4,747 8,799 13,938 | 1.209 | 4504 8,224 1 

Aircraft (6,795) ( 85) (1,866) (4,845) (6,265) (126) (1,778) (4,362) ; 

Missiles (3,764) (406) (658) (2,700) (3,825) (463) | (593) (2,768) ee 

Ships (1,719) ( 5) (1,714) (1,659) ( 2) (1,655) * (1) 

Other (2,641) (877) (509) (1,255) (2,189) (618) | (478) (1,094) | 
RESEARCH, DEVELOPMENT, | 
TEST AND EVALUATION | 3,722 1,047 969 1,102 605 =| = (3,384 99 | 922 1,011 543 
MILITARY CONSTRUCTION 1,589 374 277 915 23 1,708 304 30! 1058 45 

Active Forces (1,519) (336) (266) (894) ( 23) (1,644) (267) | (291) (1,04! ( 45) 

Reserve Forces (70) ( 38) ( 11) (21) | (64) | (37) ( 10) | (17 | bi 
= | | | bans. oe. 

REVOLVING AND 
MANAGEMENT FUNDS | —405 266 —iss | —23s | a2 
TOTAL 42,707 9,907 12,081 19,308 1,411 40,945 | 9,264 11.5% 18,675 1,410 
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benefiting are KC-135 jet tankers, $55 
million; strategic airlift, $140 million; 
Hound Dog, $48 million. The solid 
fuel ICBM Minuteman gets $90 mil- 
lion plus a 40% program increase. 

Senator Henry M. Jackson (D- 
Wash.) told m/r Minuteman would 
get $251,200,000 from AF’s fiscal 
1960 budget. 

© New levies—In the budget mes- 
sage the President made several pro- 
posals for new taxes, among them: 

Raise motor fuel tax to 4% cents 
per gallon, bringing in an estimated 
$690 million the first year and $900 
million the second. : 

Raise aviation gasoline tax to 442 
cents per gallon and levy a new 42- 
cent tax on jet fuel, bringing in about 
$85 million the first year and $100 
million the second. 


veto of legislation including authority 
to reduce the amount of an appropri- 
ation as well as to strike out an item. 
He noted that the Presidents of both 
parties ,starting back as far as Ulysses 
S. Grant have recommended this. 

Regarding the missile and space 
field, the President said: 

“For the fiscal year 1960, research 
and development expenditures will be 
increased still further, with emphasis 
on space exploration, peaceful use of 
atomic energy and basic science. Ex- 
tensive space exploration investiga- 
tions are being initiated, utilizing satel- 
lites and probes. Development work is 
going forward on high energy fuel 
rockets, a million-pound thrust engine 
and a nuclear rocket engine. 

“The Department of Defense will 
significantly increase expenditures for 













































































He requested authority for item procurement of missiles and for devel- 
NASA APPROPRIATIONS SUMMARY 
~ FISCAL YEAR | 
FISCAL YEAR 1959 1960 
SUPPLEMENTAL REGULAR 
APPROPRIATED ESTIMATES _ ESTIMATES _ 
GES CRE TGIIEE Wik cae cescncenesessesces $ 83,100,000 $ 3,354,000 $ 94,430,000 
Research and Development ................. 50,000 000 20,750,000 333,070,000 
Construction and Equipment Hees dhekeos eens 48,000,000 ae Fe: 24,250,000 57,800,000 
___TOTAL APPROPRIATIONS ............... $181,100,000 | _ $48,354,000 | _ $485, 300,000 _ 
Transfers from Department of Defense ....... ___ $154,619,532_ oe a s. oo 
TOTAL NEW APPROPRIATIONS ......... $335,719,532 $48,354 000 | $485 300,000 
NASA R&D PROGRAMS—Fiscal Years 1959 and 1960 
FY ‘59 oC 
PROGRAM + (in millions) val OE FY "60° 
AIRCRAFT, MISSILE AND SPACECRAFT RESEARCH 
(Support of NASA plant, JPL plant, and research con- 
tracts) $ 13.995 $ 33.026 
SCIENTIFIC INVESTIGATIONS IN SPACE 
(Sounding rockets, earth satellites, lunar probes, deep 
space probes, Vanguard program) 110.563 118.344 
SATELLITE APPLICATIONS INVESTIGATIONS 
(Meteorology, communications) 8.100 28.000 
SPACE OPERATIONS TECHNOLOGY* 
(Manned space flight, space rendezvous techniques) 37.66! 73.000 
SPACE PROPULSION TECHNOLOGY 
(Solid fuel rockets, high-energy fuel rockets, |-million pound 
single-chamber engine, nuclear rocket engines, space en- 
gines, auxiliary power units) 29.000 64.200 
SPACE SYSTEMS TECHNOLOGY 
(Advanced vehicle systems, booster recovery systems, orbit- 
ing space laboratories) 1.000 5.000 
SUPPORTING ACTIVITIES 
(Tracking and data acquisition) 00 ————E——E ll 
TOTAL PROGRAM | $204.619 $333.070 
* Supplemental Estimate, FY ‘59—$20.750 
ARPA R&D OBLIGATIONS 
1958 1959 1960 
PROGRAM BY ACTIVITIES __ ACTUAL | ___ESTIMATE | ESTIMATE _ 
|. Military sciences $ 13,700,000 $ 18,000,000 
3. Missiles and related equipment $ 1,238,389 80,000 000 128,100,000 
4. Military astronautics and related 
equipment 13,236,576 331,726,000 307 000,000 
8. Programwide management and sup- | 
__port ial 1,041,229 | —_—*1,900,000 =| ~—= 1,900,000 
TOTAL OBLIGATIONS $15,516,194 $427 326,000 $445 000,000 
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opment and evaluation of new weap. 
ons, while reducing expenditures fo, 
other procurement and for construc. 
tion.” 

® More bases?—The first hint that 
the U.S. is concluding negotiations with 
Italy (or another NATO country) fo; 
use of the Jupiter IRBM came in the 
President’s statement: “The first units 
of the IRBM Thor have already been 
deployed to the United Kingdom and 
additional units of both Thor and 
Jupiter will be deployed during the 
next 18 months.” 

The President said that in view of 
negotiations with Russia for suspen- 
sions, the budget does not provide for 
any nuclear weapons tests in Fiscal 
1960. Testing grounds in Nevada and 
the Pacific will be kept on a stand-by 
basis, he said. 

According to the message, the first 
operational Atlas missile will be at 
launching sites by June 30, 1959. Later 
in the budget book (Page 474) was the 
statement: 

“Missile capability in the strategic 
forces will be strengthened by the acti- 
vation of the first wing of strategic 
missiles.” The Air Force declined com- 
ment, but it is assumed that this new 
strategic wing—which must be com- 
posed of the ICBM Atlas—will replace 
a wing of obsolescent B-47 bombers. 
(The Air Force drops from 105 to 
102 wings, a reduction of one tactical 
and two air defense wings, during 
1960). 

® Progress 
noted that: 

The first five submarines equipped 
to carry the Polaris will go into opera- 
tion during Fiscal 1960 (although the 
solid fuel Polaris itself is considerably 
further off). 

The liquid fuel ICBM Titan is com- 
ing along at a “rapid rate.” 

Development work is “progressing 
rapidly” on the second generation solid 
fuel ICBM Minuteman. 

Production of the air-to-ground 
Hound Dog has been accelerated for 
the B-S2. 

The anti-ballistic missile Nike-Zeus 
is being accelerated. 

The solid fuel Pershing and Ser- 
geant missiles will replace the old liquid 
fuel Redstone and Corporal missiles. 

No more appropriations are 
planned for Jupiter and Thor IRBMs 
after 1960 unless they are desired by 
our allies. (1960 money is sufficient 
only to carry out the earlier planned 
program. ) 


report—The message 


Construction is underway on a neW 
ballistic missile early warning system. 
Air Force interceptor squadrons, if 
addition to Falcon and Sidewinder, will 
be partially equipped with the nuclear- 
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armed air-to-air rocket, the MB-1 


Genie. 

More than 70 Nike-Ajax and Nike- 
Hercules ground-to-air missile _ bat- 
talions will be in operation by the end 
of Fiscal 1960. These are in addition 
to an unnamed number of the longer- 
ranged Bomarc squadrons. 

Work will continue at about the 
same level as in 1959 on the develop- 
ment of a nuclear powerplant for mili- 
tary aircraft. 

“The last of the old B-36 bombers in 
the SAC inventory will be replaced by 
B-52s armed with the Hound Dog. 

The first B-58, intermediate range 
Mach 2 bomber, will be introduced 
into the SAC inventory. 


®* NASA and ARPA—The NASA 
budget for 1960 is $485,300,000 of 
which only $333,070,000 is for actual 
research and development, the _ re- 
mainder earmarked for salaries, con- 
struction and equipment. This $333 
million must encompass all R&D work, 
including a fair portion not directly 
related to space work. 

The ARPA budget is $455 million, 
including administration and certain 
research activities not connected with 
space work. 

In addition, the Secretary of De- 
fense has an emergency fund of $150 
million to exploit breakthroughs in any 
field. It might or might not be used 
for space—might or might not be used 
at all. The AEC is included in the 
space budget for an unnamed amount, 
possibly for the nuclear rocket engine, 
but certainly a small sum. 

The figure listed for overall space 
projects by the administration is, as 
noted previously, $830 million. Stripped 
of administrative and other details, the 
actual figure probably would more 
nearly approach $700 million for the 
entire national space program. There 
undoubtedly will be fringe benefits 
from research and developments of the 
services. The budgets of NASA, ARPA 
and Defense Department R&D are 
made out differently and cannot be 
compared in detail. 

This is an explanation of the pro- 
gramed activities included in_ the 
ARPA breakdown, and to some extent 
that in R&D: 





* Military sciences—Basic research 
in the physical and life sciences; ap- 
plied research of importance for mili- 
lary purposes, operations research, and 
development of new materials, com- 
ponents and techniques. 

Examples: radio astronomy, ther- 
moelectric materials, masers, neuro- 
sensory phenomena, blood substitutes, 
boundary layer control and hydrofoils. 


* Missiles and related equipment— 
Research, development, test and evalu- 
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ation of strategic, tactical, air defense, 
and special purpose missiles, test ve- 
hicles and related equipment, includ- 
ing an extensive research and develop- 
ment effort on new techniques. 

* Military astronautics and related 
equipment—The conductor programs 
directed at improvement of space tech- 
nology for military purposes and the 
investigation of specific military appli- 
cations of space vehicles. These include 
reconnaissance, communications, navi- 
gation and early warning of ballistic 
missile attack. 

* Program management and sup- 
port—The operation, management and 
maintenance of research, development 
and test facilities. 

® NASA program—The NASA pro- 
gram for 1960 is aimed at improving 
design and performance of virtually all 
types of flight vehicles. Projects include: 


Research on stability, control and 
similar problems encountered in a wide 
range of flight regimes from relatively 
slow take-off speeds to extreme condi- 
tions encountered by ballistic missiles, 
hypersonic aircraft, orbital vehicles and 
spacecraft. 

Research on high energy rocket en- 
gines and fuels, on nuclear power for 
propulsion and ion and plasma propul- 
sion systems for spacecraft. 

Research on the response of struc- 
tures and materials to environments 
imposed by flight at various altitudes 
and speeds. 

Research on such problems as icing, 
turbulence, noise and fire in manned 
space craft operations. 

Development of optimized satellite 
payloads, systems studies of spacecraft 
and overall control of satellite and 
space probe launching and tracking. 





This table includes individual 
Defense Secretary's emergency fund. 


of tests and evaluation, 


ingly the P&P funds 
tracted for—buy money. 





TOTAL R&D ESTIMATES FOR 1960 


IN MILLIONS 
1958 1959 1960 
ACTUAL ESTIMATE ESTIMATE 

Research, development, test and ~ i a 
evaluation appropriations $2,502.7 $3,521.9 | $3,722.4 

——————————————— | — | — 
Development, test, and evaluation | 
support included in procurement ap- | | 
propriations 1,656.1! 1,821.7 1,843.4 
TOTAL, research, development, test, 
and evaluation including procurement 
support ! 4,158.7 5,343.6 5,565.8 


1 Exclusive of military pay and military construction 


appropriations of the three military 


In 1960 for the first time, figures for research and development will incorporate also the cost 
i which heretofore had been 
costs. This will tend to make the R&D figure significantly higher and should reduce correspond- 
This table is for direct R&D obligations, that is, money which can be con- 





services, ARPA and the 


included in production and procurement 

















MISSILE EXPENDITURES LARGEST 
Broken down by category, the Defense research, and development and evaluation figures on 
missiles and related equipment is three times as large as any other category. 
SUMMARY OF PROGRAM IN MILLIONS 
BY ACTIVITIES 1958 1959 1960 
ACTUAL ESTIMATE | ESTIMATE 
|. Military sciences $ 3444 $ 360.3 $ 371.9 
2. Aircraft and related equipment 4425 472.4 487.3 
i 
3. Missiles and related equipment 904.3 1341.8 1,437.4 
| 
4. Military astronautics and related 
equipment 17.4 3459 309.1 
5. Ships and small craft and related 
equipment 132.1 158.7 167.7 
6. Ordnance, combat vehicles, and 
related equipment 179.1 188.8 235.0 
| 
7. Other equipment 323.4 379.9 | 430.8 
8. Programwide management and sup- 
port 135.1 137.8 | 133.0 
9. Emergency fund and expired ac- 
counts 42 | 136.1 150.0 
TOTAL DIRECT OBLIGATIONS $2,502.7 $3,521.9 $3,722.4 
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by Alfred J. Zaehringer 


Detroit—Following last year’s mis- 
sile materials review (m/r, March, 
1958), many laboratory items have 
entered the missile field as standard 
production items. During 1958, many 
new materials have appeared, and still 
other materials and techniques now 
shaping up point to expanding missile 
and space horizons. Many missilemen 
find it hard to keep in step with the 
ever-increasing tempo, which will con- 
tinue—further complicated by hybrid- 
ization or merging of fields and ma- 
terials. This article will attempt to boil 
these down and present some _ high- 
lights of the 1958 missile materials 
megamania. 

® Metals—They continue to be the 
mainstay of the missile business. Plas- 
tics have started to take a chunk of 
this business and, as a result, metals 
have teamed up with ceramics (par- 
ticularly ceramets and ceramic coat- 
ings) to push forward the use range 
beyond the common 1600-1800F of 
ferrous alloys. Some of the high spots 
of 1958 in the metals field include: 

* Aluminum—With a primary metal 
capacity of about two million tons per 
year, aluminum remains king of the 
light metals. Aluminum-lithium alloys 
are now battering at the thermal bar- 
rier of high supersonic aircraft and 
missiles. Alloys 5052 and 5454 are 
suitable for continuous temperatures of 
200-400 F. Recently, foamed aluminum 
with a specific gravity of 0.1 (2.7 for 
| regular Al) seems to open new missile 
structural applications. Aluminum also 

is seen gaining in nuclear reactor use 

and will probably be applied in atomic 

rockets. Aluminum remains an old 

faithful for shipping concentrated hy- 

drogen peroxide and fuming nitric acid. 
|| ® Lead—tThe king of shie!ding ma- 
| terials, lead took a significant new step 
ahead in 1958. The USSR Central Re- 
search Institute of Ferrous Metallurgy 
claims it has made the “impossible”— 
a true alloy of steel and lead—by ultra- 
sonic production techniques. If true, 
the report will mean an important 
structural and shielding material for 
atomic rockets. 

® Magnesium—T hou gh strongly 
supported with good engineering data 
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Here's 1959 Outlook for Missile Materials 


Metals will remain the mainstay, but competition 
from plastics will mean more teaming with ceramics 





A review of 1958 developments shows 
a wide variety of available missile ma- 
terials—many of them unknown a few 
years ago. It is predicted that within 
10 years, an entirely new spectrum of 
missile materials will be with the in- 
dustry. Such materials, now mostly a 
gleam in the minds of scientists, en- 
gineers, and industry, will be able to 
continuously handle temperatures of 
3000°F, offer high strengths, be light 
and corrosion-resistant. 
The Editors 





by the relatively small magnesium in- 
dustry, this ultra-light metal has had 
rough going in aircraft since the last 
war. Missile applications exist but are 
small. Big bugaboo that “mag” has had 
to fight is relatively high cost and the 
contention that production is too small 
for widespread use in a strategic area. 
Still, Mg has found some entrance into 
the missile field in the form of pow- 
dered fuel for solid propellants. Mag- 
nesium alkyls could, it is felt, offer 
advantages over aluminum fuels such 
as the pyrophorics. 

® Molybdenum—Reserves of moly 
are expected to last about 100 years 
at the present rate of use. Under weld- 
ing conditions, moly has taken several 
steps forward by processing under 
argon or helium atmosphere and, with 
slight additions of carbon (0.4-0.6% ) 
could significantly improve fabrication 
techniques. It has been suggested that 
protective coatings are mandatory for 
high-temperature oxidation resistance. 
Moly has a higher “useful” strength at 
temperatures of over 1600 F than most 
known materials. 

® Nickel—This vital metal contin- 
ues to play a major role in high-tem- 
perature metallurgy. Inconel X missile 
seals have operated at 6000 psi and 
1200 F, and this metal is also being 
used on underwater missile power- 
plants. Alloys 4130 and 4140 report- 
edly have not been holding up well in 
rocket chambers and auxiliary systems. 
The action of fuming nitric acid on 
nickel and cobalt pumps has also been 
rough. Inco says free world nickel 
capacity by 1961 will be nearly 700 
million pounds. 


® Niobium—Missile and _ nuclear 
technology has caused a steady growth 
of this metal’s production. Half the 
density of tantalum, niobium is looking 
up for high-temperature oxidation re. 
sistance (to its melting point of 4400 F) 
in rocket engines and other hot spots 

® Platinum—Long useful in missile 
electronics, contacts, etc. The Soviets 
claim they have put this costly metal 
to use—in solid form—in certain 
rocket engine applications where high- 
temperature oxidation 
needed. 


resistance js 


® Rhenium—Rhenium-moly __ ther. 
mocouples can be used to 3200 F 
and rhenium-tungsten alloys could push 
this application to over 4000 F for use 
in reducing (non-oxidizing) atmospheres 


® Stainless Steel—Missiles and the 
nuclear fields are large consumers of 
stainless steels. Missile acceptance of 
the AISI 200 types of stainless (manga- 
nese substituted for part of the nickel 
in the familiar 18-8) types could be 
significant. Stainless steels have shown 
promise in handling the white-fuming 
nitric acid rocket propellants. High- 
temperature strength research continues 
and several interesting combinations 
have turned up. AISI 400 alloys are 
good for applications in the 600-1400 
F range while iron-base alloys (15- 
20% Cr and 27-32% Ni) have been 
developed for severe conditions. A new 
precipitation-hardened _ stainless PH 
15-7 Mo (15% Cr, 7% Ni, 2.5% Mo, 
and 0.09% C) is suggested as a pos- 
sible substitute for titanium in super- 
sonic environments. 


® Tantalum—High corrosion resis- 
tance (melting point 5300 F) con 
tinues to make this metal useful in 
electronics—particularly in miniature 
missile capacitors. The 1958 use of 
tantalum is estimated at a quarter ol 
a million pounds. 

® Titanium—With a sponge capac- 
ity of 27,000 tons per year, about 
90-95% of U.S. titanium goes into 
supersonic vehicle skins, fasteners, and 
structural members. Crucible _ Steel 
recently introduced a_ heat-treated 
titanium skin alloy with a strength ol 
over 250,000 psi. Much work is shap- 
ing up to determine the corrosion 
resistance of titanium to the rocket 
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oxidizer red-fuming nitric acid. Manga- 
gese in the alloy or inhibiting with 
sopper sulfate may eventually make 
jtanium a good bet for a red-fuming 
sitric acid rocket tank of light weight 
and high strength. 

Scaife Company is considering the 


ye of titanium for rocket casings. 
fianium Metals Corp. has an alloy 
T1-155-A) which has a strength of 


170,000 psi. 

In summary, ferrous alloys 
Acme-Newport Steel Co. cover photo) 
will hold sway over the light metals 
for rocket construction. Recognizing 
heir limitations above 2000 F, how- 
eer, rocket makers will move to the 
aotic metals such as protected molly, 


(see 


with more and more “rare” metals 
uch aS zirconium, tantalum, and 
niobium) finding extensive use for 


high-energy rockets systems dictated by 
fuorine, hydrogen fuels, and the “hot” 
solids. 

Beyond the rare metals, wedding 
of ceramics (see table) and metals may 
push long-term operation to 5000- 
7000 F. Even beyond this, it is con- 
civable that a complete hybridization 
of all materials—metals, ceramics, and 
plastics—into one homogeneous “super 
material” will provide the ideal rocket 
substance: metals for high strengths 
at low temperatures and for shock 
resistance, Ceramics for temperature re- 
sistance, plastics for flexibility and 
fatigue-resistance, and fibers for multi- 
dimensional stability. 

Indeed, researchers 
pointing a way to the “plasticeramet.” 
For example, silicon is a well-known 


are already 


constituent of metals. Silicon oxides, 
coupled with silicon polymers and 
quartz fibers could, some blue-sky 


scientists say, be “alloyed” with cer- 
lain metals to form “plasticeramets” 
the ideal container which can hold the 
long-sought “universal solvent.” 

® Non-metals—It is probably a 
safe bet that non-metals have made 
a startling rise in our technology spec- 
tum. Contrasted to the metals which 
were known to primitive man, most 
non-metals of rocket interest today 
are, at the most, only several hundred 
years old. Non-metals have not helped 
metals pass the 1600-1800 F use range 
but are now actually challenging metals 
at the 2000-4000 F range. An example 
of this is the current parallel develop- 
ment of the ablating non-metals con- 
trasted to the high-heat capacity heat 
sink metals. Some of the non-metal de 
velopments during the last year: 

® Ceramics—Growing missile ap- 
plications (see table) include use of 
such materials as glass, refractories, 
ceramets, and ceramic coatings. One 
dramatic ceramic application was the 
Rokide A (aluminum oxide) coating 
on the nose cone and shell of the 
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Explorer satellite. Alternating stripes of 
this material kept instrumentation at a 
temperature of 50-86 F. Ceramic- 
coated moly rocket nozzles were able 
to take 3000 F under oxidizing condi- 
tions for 7-8 hours. Zirconium and 
thorium oxides are already being sought 
for temperatures above 5000 F. Plas- 
tification of brittle ceramics appears 
to portend an eventual new class of 
missile materials which can, like metals, 
take high thermal shocks. 

© Elastomers—M uch _ elastomeric 
work is now concerned with the evo- 


lution of new solid propellant fuel- 
binders and fluorine- or ozone-resist- 
ing materials. New fields, such as 


inorganic elastomers, are expected to 
evolve. Promising inorganic  elasto- 
meric systems might hinge on lithium, 
beryllium, boron, magnesium and 
aluminum compounds that are now 
rare laboratory curiosities. 

® Fibers—Teflon fiber bags already 





*Aluminum .. . 


to be used in atomic rocket. 


® Lead... 


rockets. 


® Magnesium .. . 


® Molybdenum .. . 


used to improve fabrication. 


® Nickel . . . 
used in missile 
rocket chambers. 


seals and 


® Niobium .. . 
® Platinum ... 
® Rhenium .. . 


® Stainless steel... 


® Tantalum .. . 
® Titanium ... 


fuming nitric acid rocket tank. 


® Ceramics ... 


® Elastomers .. . 


much work aimed at evolving 


® Fibers... 

Teflon bags now 
high temperatures. 
® Plastics . . . 


velop strength and durability at 





MATERIALS OUTLOOK IN BRIEF 
METALS 


good high-temperature characteristics keep it king among light metals, likely 
tops for shielding. Soviet claim of steel-lead alloy might spell use in atomic 


winning consideration as powdered fuel for solid propellants. 


a superior material at high temperatures, with touch of carbon it might be 


underwater 


production growing, looking toward use in rocket engines. 
costly but useful; Russians claim they've used it in rocket engines. 
could be alloyed with tungsten for use in reducing atmospheres. 


now heavily used in missile and nuclear fields, it is subject to much research 
aimed at improving high-temperature performance. 


high corrosion resistance makes for continued use in electronics. 
most U.S. output already goes into missiles. Alloy 
missile uses growing; plastification may 


solid 
or ozone-resisting materials. New fields likely, including inorganic elastomers 


used to hold concentrated oxidizing acids, may 
in expellant bags and for pre-packaged liquid rockets. Various fibers can take 


already in structural use in satellites and missiles. Work continues to de- 
high 


are being used to hold concentrated 
oxidizing acids and may be used in 
expellant bags and for pre-packaged 
liquid rockets. Big fiber increase was 
glass fibers which hit a production of 
about 160 million pounds. Very con- 
siderable amounts go into reinforced 


plastics with missiles taking a good 
share. Carborundum’s Fiberfrax (alu- 
minum silicate) fiber can take con- 


tinuous temperatures of 2000 F. Car- 


bon Wool can take temperatures of 
5400 F. Quartz fibers have hit a 
tensile strength of nearly 400,000 


psi and appear to offer this strength 
for long periods at 1800 F. 

® Plastics—Structural plastics ap- 
peared on both the Explorer and Van- 
guard satellites. Missiles such as Titan, 
Terrier, and Sidewinder are said to 
make extensive use of plastics. Nearly 


200 million pounds of reinforced 
plastics were turned out—most of them 
thermosets. 





powerplants, reportedly suffers in 


may be used for red- 


lead to metal-like shock-resistance. 


propellant fuel-binders and fluorine- 


be used 


temperatures. 
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RAYTHEON 


New Navy missile now with Fleetguic 


Sparrow III is tenacious, accurate, lightning- 
fast. It uses a unique “wide-angle” radar 
target seeker which permits Navy pilots to 
launch missile from almost any approach 
angle and still score a hit. Once locked on 
target, Sparrow III guides itself, flying at sev- 
eral times the speed of sound, and unerringly 
intercepts the hostile aircraft despite evasive 
action. 


Now operational aboard Navy carriers, Spar- 
row III is slated for fighter squadrons through- 
out the Fleet. The missile is designed and pro- 
duced for extreme reliability; has a powerful 
warhead and all-weather capability. 


Raytheon is prime contractor for the Sparrow 
III, under the Navy’s Bureau of Aeronautics. 


RAYTHEON SPARROW Ill weapon system employs ne? 
. tg FOE “wide-angle” radar. Navy pilot can launch missile from almos 
This new missile is another example of how any angle and hit the target. Missile guides itself automatically] RA 


the 37,000 men and women of Raytheon are relentlessly destroys enemy aircraft in spite of evasive tactis 
contributing to national security. 
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SPARROW III | 





eguides itself, out-thinks target 


BEING DELIVERED to the Fleet, Sparrow III arms the SELF-CONTAINED electronic brain developed by Raytheon 
_ Navy jet fighters. This new rocket-powered missile is and the Bureau of Aeronautics guides Sparrow III. This 12-ft. 
y reliable, has all-weather capability. It is extremely accu- long, 8 in. diameter missile is engineered for high reliability and 

and carries a powerful warhead. ease of operation in shipboard use. 


nev 
aly) RAYTHEON MANUFACTURING COMPANY, Waltham, Mass. qi 


Excellence in Electronics 
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RADIOPLANE RP-76 SIMULATES NEAR-SONIC ENEMY 
..»ARMY MISSILEMEN SCORE HIT IN FIRST FIRING! 


Place: Red Canyon Range, New Mexico. Time: minutes after an RP-76 high-altitude 
air-launching by Rz adioplane personnel. Event: Army missilemen sight RP-76 ye iting 
an enemy weapon system approaching at Mach 0. 9. The y fire—for ‘the first time against 
an RP-76—score a direct hit. 


Responsible: the men of Battery C, 1st Missile Batti lion (Nike-Ajax), 56th Artillery, 


U.S. Army Defense Command; the me n of Radioplane’s contractor-operated flight service 
program, backed by the more than 2,500 Radioplane drone specialists who designed and 
produc ed the RP- 76. 

This Army- ‘Radioplane achievement typifies the result of Radioplane teamwork with all 
of the U.S. Armed Forces. Other current examples in development: the supersonic 
USAF-XQ-4A weapon evaluation target drone and the U.S. Navy’s XKD4R-1 rocket 
target, two more members of Radioplane’s complete drone family. 
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VAN NUYS, CALIFORNIA, AND EL PASO, TEXAS 
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by Raymond M. Nolan 


WASHINGTON—The_ re-entry navi- 


gation problems of space vehicles and 


satellites can be solved today—without 
any major new breakthroughs—by use 
of horizon scanning with infrared 


means, according to a Sperry scientist. 

The opinion was delivered by E. J. 
McCartney of Sperry Gyroscope in a 
paper at a recent meeting of the Amer- 
ican Astronautical Society. McCartney 
urged use of the earth’s horizon as a 
vertical reference for the re-entering 
body. He discussed the problems of 


detecting the horizon by _ infrared 
methods and indicated possible per- 
formances. 


® The problem—Basis of the prob- 
lem which McCartney proposes to 
solve is the need for a stable vertical 
reference or local vertical. The local 
vertical is the line which is normal to 
the surrounding earth’s surface beneath 
the vehicle; it is the line perpendicular 
to the earth’s reference spheroid at a 
point where the outward extension of 
the line passes through the vehicle, The 
local vertical (shown in Fig. 1) defines 
the ground point which is directly be- 
neath the vehicle and establishes the 
direction of up or down. 

Space vehicles have two uses for 
the local vertical: positioning the retro- 
jets to produce the ballistic fallout path 
and, once within the atmosphere, ma- 
nipulating the vehicular control sur- 
faces to maintain a glide path toward 
the desired landing point 

One method of sensing the local 
vertical is to use the gravity vector, 
Whose direction closely coincides with 
the direction of the local vertical, i-e., 
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the gravity vector also is perpendicular 
to the surface of the reference spher- 
oid. However, use of the gravity vector 
to establish the local vertical fails in 
the case of an orbiting satellite or a 
re-entering vehicle because they are 
partly or completely weightless. In this 
state, the gravity vector within the ve- 
hicle either vanishes or diminishes so 
greatly that it loses its reliability in the 
presence of other disturbances. 

McCartney recognizes the avail- 
ability of inertial guidance as a solu- 
tion to this problem but claims that the 
inclusion of a system which can con- 
tinuously extrapolate the direction of 
the local vertical from launching to 
final point is self-defeating. The size of 
a passive terminal guidance reference 
from the initial launching guidance, he 
says, would require an expensive, com- 
plex and heavy system, involving many 
instrumental uncertainties. 

® The earth itself—But, says Mc- 
Cartney, the surface of the earth itself, 
seen from a proper vantage point, is a 
gravity reference completely unaffected 
by any motions of the vehicle. The 
mean free surface of the ocean, an 
equipotential surface, is everywhere 
perpendicular to the gravity vector and 
for centuries has been used as a ver- 
tical reference in measuring celestial 
altitudes with the marine sextant. Also, 
the rim of land surface, even when 
broken by mountains, approximates a 
vertical reference when viewed from a 
sufficient height. Scanning by infrared 
methods would provide both day and 
night operation during almost all types 
of surface weather. 

The geometry of horizon-scanning 
is shown in Fig. 2 with the vehicle 


— Re-entry Navigation: 
~ ‘Breakthrough’ 
Is Not Required 


assumed to be at an altitude of 200 
miles. The horizon is sensed at point 
“A” by moving the field of view of 
one infrared detector up and down in 
the plane of the diagram so that the 
detector is first looking out into space 
just above the horizon and then look- 
ing at the earth’s surface just below 
the horizon, The thermal discontinuity 
or radiation gradient at the horizon 
provides the phenomenon to be de- 
tected. Scanning the horizon at dia- 
metrically-opposite point “B” furnishes 
another tangential line. Bisection of 
angle AOB by instrumentation estab- 
lishes a plane normal to the earth's 
surface at point Q; line PQO is the 
edge-trace of this plane. 

The plane then provides a reference 
for pitch control of the vehicle. When 
the horizon is scanned at two addi- 
tional diametral points, 90 degrees 
around from points “A” and “B,” and 
the resulting tangential lines bisected, 
a second normal plane is produced for 
controlling the roll attitude of the ve- 
hicle. According to McCartney, these 
two planes, normal to the earth’s sur- 
face and perpendicular to each other, 
intersect along line PQO which be- 
comes the direction of the desired local 
vertical within the vehicle. 

Using the author’s example, for a 
vehicle altitude of 200 miles, the hori- 
zon lies all around at a slant range of 
1300 miles, not allowing for refraction. 
The depression angle to the horizon is 
18.2 degrees. At the slant range of 
1300 miles, a 2-mile mountain will sub- 
tend an angle of about 5 minutes of 
arc. However, since mountain ranges 
usually occupy only limited horizontal 
angles, errors can be substantially re- 
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HORIZON-SCANNING geometry is illustrated at top left. Lower left 


figure illustrates the averaging effect possible with pro- 


posed method using broad lateral field to average terrain irregularities. Illustration at top right shows infrared absorption at sea- 
level. Lower right hand diagram contrasts various types of infrared detecting elements. 


duced by employing a field of view 
whose lateral extent is much greater 
than the vertical. 

This tends to give an averaging 
effect as shown in Fig. 3. McCartney 
says an anamorphic type of optical 
system might have some value here, 
accepting a wide lateral field of view 
with resultant lateral compression of 
the image and allowing use of a smaller 
area detector. 

Several things affect the perform- 
ance of the proposed system. They can 
be roughly grouped into natural fac- 
tors and instrumental factors. The 
author further divides natural factors 
into the earth-surface horizon and the 
atmospheric horizon. 

® Natural factors—When the earth’s 
horizon is scanned vertically by a 
thermally-sensitive infrared receiver 
having a small vertical field of view, a 
radiation temperature increment aver- 
aging several degrees C exists. Slope 
and amplitude are functions of local 
meteorological conditions at the hori- 
zon. The gradient is steep enough to 
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permit an infrared receiver with a 
small vertical field of view and with a 
response peaked around 300 degrees 
Kelvin, to resolve the horizon line to 
within a few minutes of arc. 

Some of the problems in discerning 
the thermal horizon formed by the 
earth’s surface are caused by attenua- 
tion of radiation by absorptions due to 
carbon dioxide and water vapor and by 
scattering due to haze, fog and cloud 
particles. Unfortunately, the particles, 
in addition to scattering the desired 
radiation out of the sighting path, also 
scatter unwanted radiation into the 
path. 

Wavelengths from 7 to 14 microns 
—the atmospheric window—seem to 
provide a good region of operation 
since these wavelengths take in the 
bulk of radiation from a 300-degree 
Kelvin source (fig. 4). However, the 
sides of this window close in with in- 
creasing amounts of water vapor along 
the sighting path. 

Absorption bands are another con- 
sideration. If all-weather operation is 


required, the effects of scattering by 
atmospheric particles are important. 
When the wavelength is great com- 
pared to the particle size, the scattering 
varies inversely as the 4th power of 
the wavelength. Haze particles with a 
diameter of 1 micron or less are not 
as important as fog and cloud particles 
with a diameter of 20 to 60 microns. 

McCartney holds some hope for 
all-weather capabilities by going to the 
very long infrared wavelengths of |! 
millimeter and greater. He says that 
although much less energy is radiated 
along these wavelengths, the earth-sky 
contrast is not necessarily made worse. 
He adds that Sperry is currently con- 
ducting a research program in connec- 
tion with the detection of these milli- 
meter waves. 

The atmospheric horizon is an- 
other factor. McCartney compares the 
troposphere and the atmosphere and 
says that the troposphere is probably 
acting as a good radiator. Seen in great 
optical depth, it is no doubt radiating 
as a black body at the shorter wave 
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TEMCO 


AIRCRAFT-DALLAS 


WHERE 


INTEGRATED SKILLS 


EXTEND 
PRIME CAPABILITIES 


At Temco, the integration of diverse skills 

works to create unusual capabilities for the 
aircraft, missile and electronic industries. 

This coordination of specialties in a team effort 
iS 2 major reason why Temco is well 

respected as a source of prime weapons 

systems and recognized as one of the nation’s 
most efficient sub-contract and overhaul agencies. 


Temco's combined talents are being applied 
continuously to the development of new 
materials, processes and production techniques. 
In the field of high temperature structures, 
integration of skills has resulted in an 
outstanding development — Temcombing — the 
company's own unique process for fabricating 
stainless steel honeycomb. Temcombing 
permits panels of virtually unlimited size, thus 
reducing weight and critical tolerance errors. 
In short, this new Temco development is 

the fastest, most advanced, most economical 
method for brazing stainless sandwich 
developed to date — a notable example of 
Temco’s ability to extend capabilities. 


Temco's ability to design, tool and produce the 
total package plus the capability to go 

beyond the immediate problem have given 

the spacecraft industry good 

reasons to team up with Temco. 
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BARCO FLEXIBLE JOINTS 


rs = 


For Handling 
High Energy 
Fuels.... 
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> 4’ size 


4” special stainless steel Barco Flexible 
Ball Joint for handling liquid oxygen. 











a OE | 
vroTiT 
oxygen, white 
fuming and red 
fuming nitric 

acid, and JP 3, lu 
4, and 5 fuel 


6” SIZE 


180° flanged 6” Barco Ball Joint for use in loading 
and unloading line handling liquid propellant. 


=special designs for LOX 
and other Missile Fuels 


Extensive design and manufacturing experience is yours to 
call upon at Barco for the handling of special liquid fuels 
in the aircraft, rocket, and missile industries: 


—Flexible Ball Joints for metal loading lines handling corrosive fluids. 


—Special flexible joints with leakproof seals for conveying fluids at 
low temperatures down to -—300°F. Also high temperature 
designs up to + 1000°F. 


—Special designs resistant to nuclear energy radiation. 


Barco joints provide flexibility unlimited for piping and 
tubing. Our engineers will be glad to work with you on 
special problems and assist with recommendations. 

ASK FOR NEW BULLETIN No. 233-A 





Flexible Hydraulic Lines for Missiles, Aircraft 


Barco produces high pressure 
self-aligning swivel joint and 
tubing assemblies for hydrau- 
lic pressures to 4,000 psi, 
and higher. Also a wide se- anCkN 





lection of standard and spe- WIVEL JOWNT 
cial swivel joints and as- 
semblies for launching and ' 
. a ae a oo | 
MISSILE LAUNCHER flight gear. Sizes Ya" tol’. ; | 
HYDRAULIC ASSEMBLY ASK FOR NEW CATALOG 269-A. — 








BARCO _ Serving Industry Since 1908 _ AIRCRAFT DIVISION ~ > 
MANUFACTURING CO., 5668 Hough St., Barrington, il. ee 
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absorption bands and also over the 


spectral expanse from 14 to 909 
microns, In contrast with the strato. 
sphere which emits very little self. 


radiation, he sees the tropopause as a 
usable horizon for an infrared detec. 
tor. The disadvantage exists, however. 
of establishing a new horizon once the 
vehicle has descended below the tropo- 
pause. 

® Instruments—In the category of 
instrumental factors, McCartney con- 
trasts photoconductive elements with 
thermal detectors. Of the photoconduc- 
tive elements, only lead sulfide attains 
high sensitivity without cooling—but 
its response does not extend to the 
longer wavelengths. Of the refrigerated 
detectors, he says, only doped-ger- 
manium reaches the atmospheric win- 
dow from 7 to 14 microns with any 
response (see Fig. 5) 

Thermal detectors such as the ther- 
mopile, bolometer and Golay cell re- 
spond less to shorter wavelengths but 
maintain flat response over a_ broad 
region. The Golay cell is still a usable 
detector up to | millimeter. The time 
constant of the Golay cell is only 5 to 
10 milliseconds, but McCartney claims 
that this is adequate since the fleld to 
be scanned is small and the 
angular velocity between 
horizon is not great. 

Window materials are the final 
factor that McCartney considers. He 
assumes that the scanner window will 
be about 3 to 4 inches in diameter. He 
discounts rock salt, potassium bromide 
and KRS-5 for various reasons such as 
fragility, susceptibility to moisture and 
difficulty of fabrication in the required 
size. He says silver chloride would be 
adequate with a suitable coating 


relative 
vehicle and 


Astronautics Tests———— 





Jan. 14—Hawk fired at White 
Sands made direct hit on 1400- 
mile-an-hour Q-5 target missile. 


Jan. 1S—Bomarc launched from 
Eglin AFB in the first missile test 
from the operational training facil- 
ity. Missile made direct hit on jet 
drone 87 miles away. 


Jan. 15—-Atlas travels less than 
200 miles in 18th flight test. Range 


destructed when engine system 
malfunctioned. 
Jan. 18—Chance Vought “bat- 


tlefield mobility concept” missile 
Project Firepower, fired 
fully at Redstone Arsenal. 

Jan. 19—Polaris AX-4 


First described as “fully 
ful” later, termed “partial success.” 


success- 


fired. 


success- 
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new missile products 


Multiple Welds Produce ‘Problem’ Parts 


A tape-controlled, multiple-torch 
Heliarc spot welding machine, invented 
and developed by Linde Co., Div. of 
Union Carbide Corp., is being used by 
Convair Div. of General Dynamics 
Corp. to produce “problem” parts for 
Terrier surface-to-air guided missiles. 

Convair engineers ran into produc- 
tion problems on some Terrier parts, 
such as control and dorsal fins, because 
they could be welded from only one 
side. Since conventional resistance spot 
welding techniques require that both 
sides of a joint be accessible, it was 
impossible to use these methods. 

Heliarc spot welding, however, re- 
quires access to only one side of the 
joint. Welds are produced by a tungsten 
electric arc, shielded by inert argon gas. 
Since the heat of the arc melts the 
metals through the joints, the second 
side of the joint need not be accessible. 
Heliarc spot welding thus is ideal for 
joining parts in which two or more sur- 
faces must be welded to a core. 

The process utilizes positive and in- 
Stantaneous arc ignition. This starting 
system eliminates all high-frequency 
interference problems and avoids the 
contamination problems of retract start- 
ing. Electrode life is increased by a fac- 
tor of four over high-frequency starting 
and process reliability is greatly in- 
creased. 

Convair contracted with Linde to 


missiles and rockets, January 26, 1959 











design and construct a tape-controlled 
programmer and welding machine that 


could produce up to four identical 
parts at one time. The machine has 
four torches, arranged so four parts 
may be welded simultaneously. Hy- 
draulic controls position the torches 
horizontally and they are raised and 
lowered pneumatically. 

Under subcontract to Linde, two 
other firms supplied parts for the Con- 
vair installation. The Welding Machine 
Division of Expert Tool & Die Com- 
pany supplied mechanical and hydrau- 
lic components, while a punched-tape 
program control unit was supplied by 
Farrand Controls Corp. 

Circle No. 225 on Subscriber Service Card. 


Multi-Use Piston 
Hydraulic Pumps 


A new line of constant pressure, 
variable displacement, piston type hy- 
draulic pumps, specifically developed 
for high-temperature applications in 
aircraft and missile hydraulic flight 
control systems, is now available from 
Pesco Products Division, Borg-Warner 
Corp. 

The new pump design features in- 
creased reliability at higher operating 
speeds, insensitivity to type of fluid 
used, high-temperature bearings, all- 
metallic O-rings and seals, and a mini- 





mum ol rotating parts. 

Available with either single or dual 
pumping elements, the pumps are de- 
signed to run at speeds up to 7500 
rpm. The pumps are recommended for 
use with fluid temperatures up to 5SOF 
and ambient temperatures up to 600F. 

The new line of variable delivery 
piston type units cover a range of 
capacities from 3 to 27 gpm, when 
operating at rated speed. System pres- 
sures for these capacities are generally 
3000 psi, although some pumps, such 
as the dual unit type, are used in 4000 
psi systems. 

Circle No. 227 on Subscriber Service Card. 


Electrolytic Capacitors 
Have Long Shelf Life 


Aluminum electrolytic capacitors, 
designed for miniaturized electronic 
equipment, have been developed by P. 
R. Mallory & Co. Inc., which dubbed 
them the “PET” series. The new line 
uses a new low-resistance electrolyte 
which gives long shelf life at temper- 








NOTE: For additional information 


about any product mentioned in 
this section of Missiles and Rockets 
use the attached prepaid 
Circle 


the reply card that correspond with 


reply 
cards. numbers shown on 
numbers appearing beneath items 
described. If no circle number ac- 
companies the article or advertise- 
ment, give page number (and ad- 
vertiser's name) on line provided 


at bottom of the card. 


Your requests for information 
will be forwarded promptly to the 


companies concerned. 


The Editor 
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HYDROMATICS 4ZO*24ZZ VALVES 


The accepted standard of maximum performance and reliability 


100% FLOW EFFICIENCY 


Hydromatics’ exclusive FLO*BALL design provides 
a straight-thru unrestricted fluid path, exactly equal 
to the pipe line diameter. 


PERFECT SEALING 


Zero leakage is assured through the use of a pre- 
cision ball—the ideal geometric form for perfect 
sealing contact. 


LOW OPERATING TORQUE 


Ball rotates in precision bearings which absorb all 
pressure loads. Pressure balanced valve seat further 
minimizes forces on ball, reducing frictional drag. 


LONG LIFE 


Seat is always in sealing contact with the ball sur- 
face, resulting in a self-wiping, self-lapping action 
that insures long, trouble-free life 


HIGH SPEED ACTION 


Only 90-degree rotation is required to fully open 
or close valve. Full travel as fast as 5 milliseconds. 


RELIABILITY 
Simple construction, with only one rotating part, 
provides built-in reliability and rugged, depend- 
able operation. 


a 


CRYOGENIC AND CORROSIVE APPLICATIONS 


Hydromatics’ FLO*BALL valves, with new diaphragm 
sealing and unrestricted fluid path, have been 
proved the best valves for operation with LOX, 
Liquid Nitrogen, Helium, Hydrogen Peroxide, Red 
Fuming Nitric Acid and Hydrazine 


MODULAR ARRANGEMENT 


Only FLO* BALL design, with its rotating valve 
action, permits side-by-side grouping of several 
valves, all driven simultaneously by a single 
actuator 


VERSATILITY 


Only FLO*BALL design makes possible the inter- 
changing of manual, motor or pressure actuators 
without changing the valve body 





HYDROMATICS, the world’s leading designer and 
manufacturer of high performance ball valves for 
military and industrial applications, offers the most 
extensive selection of designs to meet all your re- 
quirements; Manual, motor or pressure operated. 
For cryogenic, corrosive or general service media. 
Pressures from vacuum to 10,000 psi. Sizes from 
% inch to 12 inches. 

Hydromatics, Inc. 


70 Okner Parkway, Livingston, New Jersey 











Hydromatics, Inc. 





HYDROMATICS FIELD ENGINEERING OFFICES: 


—> 


Pasadena, 35 N. Arroyo Pkwy., RYan 1.7448 / Denver, 829 15th St., AMherst 6-2714/ Washington, 1413 K St. N. W., STerling 3-3612 
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a 


sures up to 85°C. The new design 
produces stability of capacitance—vari- 
ation from —30° to +85° is within the 
range Of —15% to +10%. 

The new capacitors provide more 
capacity for their size than other com- 
parable aluminum electrolytic. Maxi- 
mum capacity in the 5/8” by 1” case 
size ranges from 550 microfarads at 3 
yolts to 86 microfarads at 50 volts. 

Two designs available are the 
printed circuit model in single, dual 
and triple ratings for vertical mount- 
ing; and the axial lead design for 
printed circuit and other electronic ap- 
plications, available in single and dual 
ratings. 

The series covers a temperature 
range of —30°C to +85°C, and has a 
capacity tolerance at 25°C of —10% 
to +250%. The units are encased in 
plastic with an epoxy end-seal. The 
sizes vary from 3/8” x 5/8” to 5/8 
x 1 7/8”. Ratings cover voltages from 
3 to 50 WVDC, and capacities of 
1500 to | microfarad total per unit. 

Circle No. 234 on Subscriber Service Card. 


200 KC Oscilloscope 
Has Twin Amplifiers 


A new 200 KC oscilloscope with 
dual trace presentation is now available 
from the Hewlett-Packard Company. 

The instrument, Model 122A, has 
twin vertical amplifiers and a vertical 














function selector. The amplifiers may 
be operated independently, differen- 
tially on all ranges, alternately on suc- 
cessive sweeps, or chopped at a 40 KC 
rate, 

Model 122A triggers automatically 
and has a maximum sensitivity of 10 
mv/em. One knob selects any of 15 
calibrated sweeps from five microsec- 
onds/em to 200 milliseconds/cm in a 
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1-2-5 sequence. Sweep accuracy is 
5% 

Other features include a “times-5” 
sweep expander which provides maxi- 
mum speed of 1 microsecond/cm on 
the 5 microsecond/cm range. Trace 
normally runs free, syncing automati- 
cally on 0.5 cm vertical deflection, but 
a knob adjustment eliminates free-run 
and sets trigger level as desired between 
-10 and +10 volts. 

Circle No. 232 on Subscriber Service Card. 


Static Power Inverter 
Has 20,000-Hour Life 


A solid state static power inverter, 
utilizing transistor and magnetic am- 
plifier circuitry to convert an 18-30 





volt de source to an 115 volt, 400 
cycles per second, single phase ac 
source, has been developed by Mag- 
netic Amplifiers, Inc. 

Designed to produce a stable power 


output of 80 VA, the unit was created | 


for use in missiles, aircraft and ground 


equipment, and has other applications | 


in automation, atomic energy program- 
ming, and ignition systems. Its output 
is stabilized in voltage and frequency 
for wide variations of input voltage, 
load, load power factor and ambient 
temperature. 

The power inverter is said to have 
a life expectancy of 20,000 hours un- 
der continuous operation, in compari- 
son with the nominal 2,000-hour life 
of conventional generators. It has no 
moving parts or bearings to lubricate, 
functions noiselessly, and contains no 
vacuum tubes. 

Vibration range of the unit is from 
10 to 2,000 cycles. It withstands high 
shock to 30 times its weight, and will 
not spark at any altitude. It will with- 
stand variable input voltages up to 40 





‘a’ MOTORIZED FLO-BALL VALVE 
100% flow efficiency — for general 
service media up to 3000 psi 


Extremely light weight and compact, svit- 
able for a wide range of aircraft and 
missile applications, both airborne and 
ground support. Provides perfect sealing 
and 100% flow efficiency for general serv- 
ice media (jet fuels, hydraulic fluids, water, 
alcohol, helium, hydrogen, oxygen, etc.) 
at pressures up to 3000 psi and tempera 
tures from —65° to 200°F. The DC motor 
actuator includes automatic current shut-off 
and a positive Geneva-lock mechanism. 
Valve is of bi-stable design — in the event 
of electrical power failure, the valve will 
remain in its last position, either open or 
closed. Included is a built-in microswitch 
for remote observation of valve position. 
Flanges, which are removable and inter- 
changeable, may be specified per AND- 
10050, AND10056, NPT or ASA. 





FLO*BALL PROPELLANT VALVE 
Dual line flow control 
of cryogenic media at 1000 psi 


For simultaneous flow control of Liquid 
Oxygen and Fuel, this prop valve provides 
zero leakage control of a 5° LOX line 
and 2“ Fuel line at pressures up to 1000 
psi and temperatures as low as —350°F. 
A single-acting, spring-return pressure ac- 
tuator drives a precision mechanical link- 
age which controls both valves, thus insuring 
constant timing. The valves are extremely 
fast acting, with response times as short o 
10 milliseconds. All dynamic sealing is 
double with a vent between seals for maxi- 
mum safety. A sealed, rotary action snap 
switch permits remote observation of valve 
position. Valve flanges, available in stand- 
ard or special styles, are removable and 
interchangeable. 


Hydromatics, Inc. 

~—s 

70 Okner Parkway, Livingston, New Jersey 
Circle No. 9 on Subscriber Service Card. 
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IT’S ALWAYS ‘WINTER’? SOMEWHERE 





Heating Blankets 
and other Woven Heating Elements by SAFEWAY 
can make your COLD problems OLD problems! 


To keep sensitive equipment, fuels, propellants and lubricants at correct operational 
temperatures in any cold environment, controlled heat must be delivered with utmost 
dependability. SAFEWAY delivers it — everywhere. 


Among the wide variety of heating blankets and woven-wire heating elements suc- 
cessfully engineered by SAFEWAY to meet tailor-made specifications are: 


@ heating blankets for honeycomb and metal-to-metal bonding 
@ de-icing units for airfoil surfaces 


@ heating elements for launching equipment and for airborne gyros, cameras, 


computers, servos and batteries — for missiles or aircraft 
@ radiant heating panels for industry 


@ defrosting units for industrial and commercial refrigeration 


FOR YOUR COPY OF A FACT-FILLED FOLDER, PLEASE WRITE: 


HEAT 
If it has to be heated (and the “it” can be just ELEMENTS 
about anything), you can rely on SAFEWAY 


engineers to study your problems and with- INC. 
out any obligation — submit an appropriate 
recommendation. 680 Newfield Street + Middletown, Connecticul 
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ylts and may be repeatedly switched 
on and off without generating fre- 
quency transients or malfunctioning. 

Built according to military specifi- 
cations, the static power inverter in- 
dudes such features as an output of 
115 volts, adjustable to plus or minus 
§%; output frequency of 400 cycles 
per second, plus or minus |%, regula- 
tion of 142% for load variations from 
no-load to full-load; power factor of 
minus 0.5 to plus 0.5; maximum dis- 
wortion of 5%; and ability to operate 
in ambient temperatures ranging from 
-§5°C to +71°C. 

Another feature of the component 
permits manual adjustment of output 
fom 105 to 125 volts and frequency 
control in a range of plus or minus 3 
cycles per second. 

Measuring 4 in. in height, 6 in. in 




















width, and 6 in. in length, the static 
power inverter weighs 10 Ib 
Circle No. 233 on Subscriber Service Card. 


Thermocouples Made 
by Con-P-Pak Process 


Con-P-Pak thermocouples are de- 
signed to meet the severe demands 
required of controls and instruments 











i 
hy 


—— 


used in 
haces, 


rocket melting fur- 
nuclear and in the 
processing of liquid hydrogen, alcohols 
and other materials difficult to handle. 
A number of metal combinations are 
used, such as copper-constantan for 
temperatures down to -300°F and 
thodium platinum for temperatures 
Over 1600°F. 

The thermocouples are made ac- 
cording to the new Con-P-Pak process 
with conductors encased in specially 
Processed ceramics and surrounded by 
chemically clean metal sheaths. Various 
junctions and tips are available as well 


engines, 


reactors 
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to 2000 V.A.C. 


Tiny Hydraulic Pump/Motor 


as several connectors. draulic pump/motor has been recently 


Insulation resistance between wires introduced by Borg-Warner’s Pesco 
and sheath ranges up to 100 megohms Products Div. 
at 500 V.D.C. and dielectric strengths Performance runs of 50 hours at 


24,000 rpm have been made, with the 
pump delivering 2.5 gpm at 3000 psi 
No appreciable loss in efficiency has 
been shown at the end of these runs. 


Circle No. 228 on Subscriber Service Card. 


[The Hummingbird pump/motor 

Operates at 24,000 RPM features spherical piston rings, all- 
Now available for all aircraft and metal O-rings and seals, a new type 
missile installations requiring a smaller, of universal joint, and all-steel con- 


struction. 
Ihe pressure-locked spherical piston 
rings maintain high efficiency through- 


lighter pump or motor in hydraulics 
systems, the “Hummingbird,” a new 
24,000 rpm, miniature, piston-type hy- 


 Wiew2old® stainless steel 


soars with 


TLAS ICBM 


on first 
full range flight! 































U.S. missile program one 
step nearer to complete op- 
erational capability. 


On the evening of November 28, 
1958, a 100-ton ATLAS lifted from 
its pad at Cape Canaveral and arched 
majestically into the heavens. 30 
minutes later its nose cone shot into 
the Atlantic, marking the first suc- 
cessful completion of its fully-pro- 
grammed distance of 6300 statute 
miles. 

The main part of the ATLAS 
ucture is literally a huge fuel tank, 
he shell of which is thin gauge 
oRold stainless steel. Impor- 
factors in selection of stainless 
feel for the outer skin of the ATLAS 
reat strength at both high and 
atures, resistance to cor- 
{o ic fuels and good work- 


tair skin, supplied ex- 
yr a : . 
Washington Steel, re- 
ext pmely close control of 
i properties and gauge 
hich are regularly pro- 
igh Washington Steel's 
With precision roll- 
Fd 


NOW IN ORBIT! 


41% ton third stage 
118 to 625 mile altitude 
December 18, 1958 


ATION 





* 


STEE 






HINGTO 
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out operating life. They minimize pos- 
sibility of seizure due to fluid contami- 
nation, thermal shock, or cylinder dis- 
tortion, and eliminate side-load wear. 

Metallic O-rings and seals, coupled 
with all-steel construction of the Hum- 
mingbird pump/motor, allow opera- 
tion of the unit with fluids of tempera- 
tures from —65° to 550° F. This uni- 
versal joint has three equally spaced 
rollers attached to each end of the 
universal shaft, transmitting the drive 
rotary motion smoothly and uniformly 
at all speeds. 


Weighing 1.1 pounds in a steel 
body 4.125 inches long, with a dis- 
placement of .025 cubic inches, the 
Hummingbird may be operated in 
either rotation. No modifications or 
adjustments are necessary for its in- 
stallation as a pump or as a hydraulic 
motor. It may be run directly from 
high speed turbines or similar drives. 

Circle No. 226 on Subscriber Service Card. 


Small Solid Batteries 
Deliver 1600 Volts 


A group of solid state batteries, 
small enough to hold in the palm of 





to space 


for management, 


yond. 





Cape Canaveral is the site of the nation’s major terminus 


This terminus is managed by Pan Am. 
Guided Missiles Range Division has prime responsibility 
operation and maintenance of the 
5000-mile Atlantic Missile Range extending from Flor- 
ida through the Bahamas to Ascension Island and be- 





Our 





your hand but capable of delivering, 
combined voltage of 1600 volts, ap 
now available from Patterson, Mog, 
Division of Universal Winding Co, 
Jamaica, N.Y. 

The batteries, called “Dynox” 
four different sizes—Dynox 


, COME 


in “95” 





| 
4 
with a 95 volt potential in 0.14 cubic 
inches, Dynox “190,” with a 190 volt 
potential in 1.15 cubic inches, Dynox 


“380,” with a 380 volt potential in 1.57 

cubic inches, and Dynox “950,” witha 

950 volt potential in 2.87 cubic inches, 
Circle No. 230 on Subscriber Service Card, 


Because of these operations and the division's dynamic 
growth, we can offer high level physicists, mathemati- 
cians and electronic engineers truly unique opportuni- 
ties in missile test and space probe engineering. 


Lox Pump Motor 


Delivers 60 gal/min. 


Recently developed by the J. C 
Carter Co. for pumping liquid oxygen 
of liquid nitrogen is an electric motor 
driven two stage centrifugal pump. De 
signed to deliver 60 gallons per minute 
against a 550 ft. head, this pump & 
particularly suited for installations 
where light-weight, compact design is 
important. 

Circle No. 229 on Subscriber Service Card. 


For an investigation of your future in the space age 
with Pan Am, please address a confidential resume to 
Mr. C. R. Borders, Assistant Division Technical Manager, 
Pan American World Airways, Inc., Patrick Air Force 
Base, Cocoa, Fla., Dept. B-3. 





GUIDED MISSILES RANGE DIVISION 
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PATRICK AIR FORCE BASE, FLORIDA 
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Here 

| Telemetry Amplifier vess 

Circle No, 12 on Subscriber Service Card. | Endevco Corp. offers a new air- | "4 

| borne subminiature amplifier, Model | now 

® ® | 2617, to be used with high impedance plas 
Fluoroflex-T (7eflon) hose for high pressure systems | ‘@nsducers such as piezo-electric and | sien 
. | Capacitive devices. When used with time 

now tested to the new Resistoflex standard of | Endevco accelerometers and Endevco | tical 
| Model 2980 insulated mounting studs, | crea 

| the complete system is electrically is | aboy 

lated from ground. The Model 2617 1s | case 


protected against humidity (potted) 

It offers compact design features: 
1000 megohm input impedance with 
less than 50 mv residual noise (shorted 
input), broad range of 2 cps to 20 ke 
and low current requirement (5.0 
milliamps). The amplifier is 7.5 cubic 
inches in volume and weighs 7 ounces. 

Circle No. 231 on Subscriber Service Card. 





750,000 


instead of industry-recognized 100,000 cycles 
dept. 199 RESISTOFLEX Corporation, Roseland,: N. J. 
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HOW HIGH THE PSI ? 


Here’s the big news in the pressure 
vessel field. Brunswick’s new, 
unique Strickland “B” Process (SBP) 
now results in filament-wounrnd 
plastic vessels with the greatest 
strengths ever obtained. At the same 
time, vessel weights have been dras- 
tically pared down. Brunswick can 
create vessels (from that shown 
above to air bottles and rocket motor 
cases) with these specifications: 


ESBRUN 
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(BRUNSWICK “BOTTLES’ UP TO 200,000) 


Hoop stress values in the range of 
175,000 to 200,000 psi. Burst 
strength values: up to 150,000 psi. 
Weight: 20 to 40 per cent less than 
that of any previously built plastic 
Temperature limits: up to 
Super tough SBP vessels are 


vessels. 
600° F. 
also ideal for components that must 
stand up to extended operating 
cycles, and can be mass produced in 
compound and monocoque shapes. 


Circle No. 26 on Subscriber Service Card. 


For proposed or existing projects in- 
volving pressure vessels, Brunswick 
offers skillful in the de- 
sign, development and fabrication 
stages. For more details concerning 
the higher strength—lower weight 
advantages of SBP components, 
write or call: The Brunswick-Balke- 
Collender Company, Defense Prod- 
ucts Division Sales Manager, 1700 
Messler St., Muskegon, Michigan, 


assistance 


SWICK 


MAKES YOUR IDEAS 


S WORK 


4! 








Testing is a vital part of every stage in the development of 
missile and space programs at Lockheed Missile Systems 
Division. 

The Division maintains one of the most completely 
equipped missile and space test laboratories in the world. 
Equipment includes: altitude, temperature and humidity 
chambers; shaker and vibration systems; G-accelerators; and 
apparatus capable of performing chemical, metallurgical, 
plastic, heat transfer, hydraulic, pneumatic, shock, accelera- 
tion, sinusoidal and random vibration, structural, electrical, 
and electronic tests. Static field testing; research and develop- 
ment testing on controls; testing in ordnance and hydraulics 
and high-pressure gas and propulsion systems are conducted 
at the 4,000 acre, company-owned test base in the Ben 
Lomond mountains near Santa Cruz, California. 

As weapons systems manager for such major, long-term 
projects as the Navy Polaris IRBM; Discoverer Satellite; 
Army Kingfisher; Air Force Q-5 and X-7; and other impor- 
tant research and development programs, Lockheed is 
engaged in expanding the frontiers of technology in all areas. 

Flight testing is conducted at Cape Canaveral, Florida; 
Alamogordo, New Mexico; and Vandenberg AFB near Santa 


(left) Pop-up test of Navy Polaris IRBM. 


(below left) One of the Santa Cruz test stands with 
dynamic thrust mount to simulate flight environment. 
Vibration oscillator functions during static firings. 


(below right) Large centrifuge for environmental 
testing has unique shaker attachment to provide 
vibration simultaneously with high G-loadings. 


EXPANDING THE FRONTIERS OF SPACE TECHNOLOGY 
--- Lest 


Maria, California; in a unique manner. All components and 
sub-systems of a new project are initially tested on known- 
performance, production missiles. Thus, when the final sys- 
tem is ready for first flight, its individual components already 
have flight-tested reliability. This new concept of flight test- 
ing is a major contribution and has enabled Lockheed to 
produce extremely complex missile systems in record time 
and at greatly reduced expense. 

Underwater launch tests—including studies of cavitation 
wave simulation and skip motion—are carried on at the 
Sunnyvale facility and at the Navy test base on San Clemente 
Island. In addition, structural and other tests are performed 
at Hunter’s Point Naval Shipyard, California. 

If you are experienced in any of the various phases of 
testing, we invite your inquiry. Positions also are available 
for persons experienced in physics, mathematics, chemistry 
or one of the engineering sciences. 

Write: Research and Development Staff, Dept. AA A-29, 
962 W. El Camino Real, Sunnyvale, California; 7701 Wood- 
ley Avenue, Van Nuys, California; Suite 745, 405 Lexington 
Avenue, New York 17, New York; Suite 300, 840 N. Michi 
gan Avenue, Chicago 11, Illinois. 


“The organization that contributed most in the past year to the advancement of the 
art of missiles and astronautics. 


Lockheed / issu SYSTEMS DIVISION 
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by Alfred J. Zaehringer 


Stabilization of free radicals is being attempted at National Bureau 
of Standards. High concentrations of the large radicals (such as oxygen or 
nitrogen) apparently are easier to obtain than hydrogen. Percentages ob- 
tained so far are: hydrogen 0.01-0.1%, nitrogen 0.2-6%, and oxygen 
1-16%. Adding inert atoms and storage in a strong magnetic field might 
increase percentages and effect stabilization. 


Liquids to watch for 1959: nitrogen tetroxide and perchlory! fluoride 
for pre-packaged systems; liquid hydrogen for high performance systems; 
slight additional increase of fluorine use; LOX up slightly; peroxide about 
the same; nitric acid down. 


Propulsion, according to John Sloop of NASA’s Lewis Research Center, 
is the key to success in space flight. Propulsion always seems to lag behind 
vehicle development. Good example of our lag: U.S. moon probes and 
the recent Soviet moon shot. U.S. missiles tend to be underpowered; Soviets 
tend to throw in a little more power reserve. 


Shrouded pulsejet engine, says the Air Force in one of its latest guided 
missile manuals, may be one way to extend the simple pulsejet into the 
supersonic operation range. Duct around engine keeps the air flow outside 
engine at low Mach number. It eliminates the pressure differences between 
ram pressure at the inlet valves and static pressure at the tail pipe exit. 


Auxiliary power for space missions, ARDC estimates will be something 
like this during the next 10 years: 1 kw for hard impact on moon, 300 
mile earth satellite, and circumlunar return; 1.6 kw for soft moon landing, 
landing on Mars or Venus, manned circumlunar and return, and con- 
trollable orbit satellite; 5 kw for manned space station; and 10 kw for 
roundtrip to Mars and Venus. Output of 7 kw/Ib of generating equip- 
ment is acceptable for several years but this will have to improve later 
to 50-250 kw/ lb. 


Ignition of solids is undergoing considerable research. Work in Zurich 
has shown that high intensity light can initiate detonations. At the Uni- 
versity of Cambridge, electric fields have been used for ignition. On the 
other hand, neutrons, alpha particles, and other large fission fragments 
were not capable of producing ignition hot spots. At 10* roentgens, there 
is no great effect. To 10° roentgens only decomposition rates are changed. 
At Princeton University, shock waves have been used to ignite solid pro- 
pellants (double base and composite). A helium shock wave of Mach 4 
can ignite the solids. Aberdeen Proving Ground reports shock initiation 
of solids. University of Utah work outlines the transition from deflagration 
combustion to detonation when an inert solid medium interrupts deflagra- 
tion. 


Sweet propellants? Paris researchers have prepared sucrose (common 
Sugar) nitrate. Properties indicate a low cost, high-energy solid propellant 
ingredient. 


Ammonium nitrate can be used as an igniter material, Thiokol’s Elkton, 
Md. Division has patented a starter-sustainer mix with AN, potassium 
dichromate, charcoal, and paraffin. 





NOW WEEKLY COLUMN 


With this issue of m/r, Propulsion and Chemistry Editor Alfred J 
Zaehringer’s column will be a weekly feature in response to requests 
of readers who desire more timely and interesting information in these 


fields. 
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How KENNAMETAL’ 
Sealing Rings... 


Help to Withstand High 
Temperatures... A jet engine 


shaft seal of Kentanium,* a titanium 
carbide, operating without lubrication 
at 15,000 surface feet per minute at 
1000°F and 0.6 pounds pressure per 
lineal inch of circumference outper- 
formed every other material tried. 
Kentanium is stress-free, dimension- 
ally stable, maintains great strength 
and provides exceptional resistance to 
abrasion. It is providing all of these 
advantages on many applications . . . 
at temperatures up to 2000°F and as 
high as 5000°F for momentary service. 


Help Solvent Separators to 


Resist Abrasion . . . On this 
job, Kennametal rings of Grade K96 
were installed, replacing conventional 
seals which had at no time given more 
than two months’ service and had 
sometimes failed in only 30 hours. 
Kennametal rings were inspected after 
six months in service, showed no per- 
ceptible wear and were returned to 
service. The customer predicts an ulti- 
mate service advantage of 50 to 1. 


Help to Power Rockets... 


Here the sealing rings are used to han- 
dle red fuming nitric acid. ‘After exten- 
sive testing of materials, rings made of 
Kennametal K501, a platinum-base 
composition, were chosen. The manu- 
facturer reports: ‘‘Kennametal ring 
sealing results have been far superior to 
any other material with no indication 
of seal face wear.’’ This was after the 
best life of the rings previously used 
had been exceeded. 

For details, write for 24-page Booklet 
B-111, “Characteristics of Kennametal” 

. and 12-page Booklet B-444 which 
describes “‘Kentanium.’” KENNAMETAL 
Inc., Dept. MR, Latrobe, Pa. 
*Trademark 3172 

inDUSTRY 
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Operations 
Research 


Mathematicians, Physicists and Engineers with experience or 
strong interest in Operations Research on large-scale auto- 
mated systems will be interested in the major expansion pro- 


gram at System Development Corporation. 


SDC’s projects constitute one of the largest Operations 
Research efforts in the history of this growing field. The proj- 
ects are concerned primarily with man-machine relationships 
in automated systems in a number of fields, including air oper- 
ations. The application of new and advanced digital computer 
techniques is particularly important in optimizing these man- 


machine relationships. 


Senior positions are among those open. Areas of activity 
include: Mathematics, System Analysis, Forecasts, Cost 
Analysis, Operational Gaming, Design Analysis, Performance 


Evaluation. 


Those who have professional questions or desire additional 
information are invited to write Dr. William Karush, Head of 
the System Development Corporation Operations Research 
Group at 2414 Colorado Avenue, Santa Monica, California. 


“A THEOREM IN CONVEX PROGRAMMING” 
A paper by Dr. Karush is available upon request. 
Address inquiries to Dr. William Karush at System 
Development Corporation. 





SYSTEM DEVELOPMENT CORPORATION 


Santa Monica, California 
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west coast industry 





by Fred S. Hunter 


North American Aviation keeps making schedule on the X-/5. The 
No. 2 vehicle is coming right along and will be ready for delivery shortly. 
No delays have been encountered in preparations for the first flight of the 
No. 1 aircraft. The Boeing B-52, modified to airlift the rocket craft under 
the wing, is at Edwards Air Force Base, flown over from Palmdale, and 
has been satisfactorily test-flown. Apparently, about the only thing that 
might cause any setback in the first flight would be water in the lake bed. 
The dry lake doesn’t drain off very fast after a heavy rain. 


Big engine—NAA's X-/5 schedule now calls for initial use of interim 
XLR-11 engines in the No. 2 aircraft, same as in No. 1. This means the 
first vehicle to make use of the higher-thrust XLR-99, designed for the 
X-15 by the Reaction Motors Division of Thiokol Chemical Corp., will 
be the No. 3 aircraft, due in June. Retrofits of the No. 1 and No. 2 
vehicles will follow. Necessity of using the lower-thrust rockets, designed 
originally by Reaction for the Bell X-/, is not expected to hold up the 
program. The XLR-11 in the eight-chamber rocket package worked out 
for the X-/5 is double the thrust of the X-/] configuration, and does very 
well. It also looks as though everybody is satisfied with the progress being 
made on the high-thrust XLR-99, now on the test stand. The Rocketdyne 
backup project, initiated when XLR-99 dropped behind schedule, has been 
terminated as no longer necessary. 


Losers learn—Watch for tighter, better bidding in the future as a result 
of the de-briefing program the Air Force set up for unsuccessful bidders 
in the Minuteman assembly and test competition. Those who lost out now 
know exactly why the award went to the Boeing Airplane Co. They also 
know where their own proposals fell short. So far as we know, this is 
the first time a military agency has provided the losers in a competition 
with a detailed picture of the step-by-step evaluation processes used in 
determining an award. The ballistic missiles groups headed by Maj. Gen. 
Bernard A. Schriever and Maj. Gen. Ben I. Funk have a good idea that 
should pay dividends down the road both for the Air Force and for industry. 


New fields—Solar Aircraft Corp., which has made more than 4000 
Falcon fuselages, Nike air vanes and some other missile components under 
subcontract, is submitting proposals for prime contracts on smaller missile 
systems as part of its program to accelerate its work in the missile field. 
It also is well into some phases of design and initial production of 
Minuteman solid-fuel rocket cases and accessories under subcontract to 
Thiokol Chemical Corp. To process rocket-engine assemblies made from 
new types of air-hardening steel alloys, Solar is installing a special 31x12- 
foot furnace at its San Diego bayfront leasehold. The maker calls it the 
world’s largest atmosphere-controlled, heat-treat furnace. 


Honeycomb progress—Northrop Division of Northrop Aircraft, which 
becomes the Norair Division of Northrop Corp. when the name change 
is made effective Feb. 2, represents another example of accelerating for 
missile and space work. It recently turned out the first large, stainless- 
steel, honeycomb panel following the installation of two production-braz- 
ing machines. “We intend to be ready for any job asked of us,” said 
Manufacturing Vice-President Bob Lloyd. And, in his first management 
club address since becoming vice-president and general manager of the 
division, Dick Nolan reported: “We are definitely pointing toward space 
products. We have fine talent in this field—as good as any in the nation.” 


Electronics growth—-With electronics sales for industrial and com- 
mercial use drawing ahead of sales of consumer items in 1958 for the 
first time, C. B. Thornton, President of Litton Industries, foresees the in- 
fluence of electronics permeating every area of our economy, “making its 
presence felt just as electricity has done.” 
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HYDRAULIC RELIEF VALVES 
EXCEED PERFORMANCE 
OF NEW SPECIFICATION* 
FOR TYPE Il SYSTEMS 
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*MIL-V-8813 (ASG) 


(Obsoletes MIL-V-5523B) 


NEW SPECIFICATION SPECIFIES 
@ Higher operating 
temperatures (275°F) 
@ Lower spread - full flow 
to reseat 
PneuDraulics Revere vaives 
ARE GUARANTEED TO EXCEED THE 
SPEC* REQUIREMENTS FOR 


all 4 pressure classes! 





Qualification Test Report Available 
Valve Features: 
1. No Dynamic O-Rings—No Hysteresis 
2. Dash Pot—No Noise or Chatter 
3. No Outlet Jet Effect 
4. Flow Compensated Operation 
5. Light Weight—Low Stress Springs 


PneuDraulics, Inc. 


1294 East 3rd Street — Pomona, California 
NAtional 9-0677 
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Quick results are yours when 
you buy, sell, or seek employ- 
ment through the classified page 
of MISSILES AND ROCKETS 
Magazine. Reach 30,000 top 
missile and rocket men. Send 
your message today to 
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1001 Vermont Avenue, N.W., 
Washington 5, D. C. 
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REPUBLIC VALVES 


FREE-FLOW CHECX VALVES 


No leakage. 3000 psi. Very 
low pressure drop. Can be 
furnished to open at '4 to 35 
psi. Brass, stainless steel, or 
aluminum alloy. 1%” to 2” 
pipe or tube. Temp. range 
-65° to 200°F. 





RELIEF VALVES 


Quick unloading, smooth operation. Guided 
shut-off piston with stainless steel or Nylon 
seat. Pressure range to 4000 psi. Brass, alumi- 
num alloy, or stainless 
steel. 44” to %4” pipe or 
tube. Temp. range to 
400°F. 











HAND PUMP 


For hydraulic applications on 
missile carrier and support 
equipment. Double-acting. 2 
cu. in. displacement per cycle 
1000 psi. working pressure 
Aluminum alloy body, stain- 
less steel trim. -65° to 160°F 


LEVELATOR VALVE 


For automatically maintain 
ing height and level condition 
in any vehicle with air spring 
suspension. Controls swaying 
in transit, and off-level posi 
tion while standing. Appli 
cable to trucks, buses, trailers, 
Carriers, cranes, etc. 





LO-TORG SELECTOR VALVES 


Smooth, easy operation, with low turning 
torque because of pressure balancing design. 
0 to 6000 psi. Bronze, steel, or aluminum 
alloy. '4” to 2” pipe or tube. 2, 3, 4 ports. 


DUAL HAND 
PUMP 


2 pumps, 2 relief valves, and 
2 needle shut-off valves, com- 
pactly manifolded for elevat 
ing mechanisms, hydraulic 
applications on ground sup- 
port equipment, etc. Alumi- 
num alloy body, stainless steel 
trim. -65° to 160°F. 





Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR GLOBE NEEDLE PLUG 
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<P rusiic MANUFACTURING CO. 
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.866,290—Firestone Tire & Rubber Co., Los Angeles, fo, 
Corporal system, (part of larger contract of $11,733,849 
to be finished by Feb. 13, according to Ordnance Com. 
mand). Apparently, subcontracts $570,000—North 
American Aviation, Inc., for rocket engines; $236,396, 
Topp Mfg. Co., Los Angeles, for transducers; $140,588 
Associated Aero Science Lab., Inc., Hawthorne, Calif. 
for technical assistance; $38,235—Gilfillan Bros., Ine, 
Los Angeles, for repair parts; $34,995—North Americay 
Aviation, Inc., for study relating to boundary layer sy,. 
face material interactions. 
$5,866,880—Raytheon Mfg. Co., for engineering services and 
electronic components for Hawk. 
$92,672—Barnes Engineering Co., Stamford, Conn., for re. 
search in measurement of re-entry bodies of missiles, 
$1,887,027—Northrop Aircraft, Inc., Nortronics Div., for 4 
prototype automatic test system for guided missiles, 
$1,507,021—Daniel Construction Co. of Alabama, Birming 
ham, for construction of propellant development facili. 
ties (Thiokol) at Redstone Arsenal. 
$245,296—Butler & Cobbs, Montgomery, Ala., for construc 
tion of engine development motor test facility at Red. 
stone. 
$386,698—Douglas Aircraft Co., Inc., 
Nike spare parts and components. 
$347,492—Western Electric Co., Inc., 
spare parts and components 
$200,000—Emerson Electric Mfg. Co., St 
and development of rocket motor. 
$337,544—-The Cardan Co., Los Angeles, for 
building at Vandenberg AFB. 
$109,482—Joseph F. Bester, Riverside, Calif., for additions 
to building at Jet Propulsion Laboratory, Pasadena 


a 


$ 


are: 


Charlotte, N.C., for 


New York for Nike 
Louis, for design 


missile assembly 


$41,455—Michigan Tectronics, Inc., Detroit, for cable as 
semblies and ordnance parts 
$155,821—National Co., Inc., Malden, Mass., for three en- 


“B” ground cesium atomic 
ABMA in con- 


gineering test models of Type 
beam frequency standard, to be used by 
nection with missile guidance. 


AIR FORCE 


$8,000,000—Leckheed Missile Systems Div., Van 
continued testing of research vehicles in 
Bomarc program. 

$1,600,000—Northrop Aircraft Inc., Nortronics Div., for de 
sign and manufacture of a Snark proficiency trainer. 

$932,870—Yardney Electric Corp., New York, for Bomar 
batteries (A Boeing subcontract.) 

$700,175—Boeing Airplane Co., Pilotiess Aircraft Div., for 
technical data for Bomarc components (nine contracts); 
$135,975 for logistic depot in support of Bomarc. 

$64,419—Radiation Inc., Melbourne, Fla., for data 
mission interconnection links. 

$110,000—Douglas Aircraft Co., Santa Monica, for engineer 
ing data, modification kits and spare parts for Genie rocket 

$40,264—Graphic Films Corp., Hollywood, for production 
of color, sound film entitled “Astronautics.” 


Nuys, for 
support of 


trans 


NAVY 


$2,000,000—Collims Radio Co., Cedar 
high-density microwave system at 
Range. 

$1,300,000—Allen B. Du Mont Laboratories, Inc., {0 
Sparrow Ill missile test sets. (Raytheon subcontract.) 

$923,883—Dale Benz, Inc., San Diego, L. F. Stilwell & Co, 
Los Angeles, and Cox Bros. Construction, Stanton, Calif, 
separate contracts for construction at Naval Missile Tes 
Facility, Point Arguello, Calif. 

$648,015—Wells Benz, Inc., San Diego, for construction of 
launch complex No. 1 at Naval Missile Test Facility 
Point Arguello. 


for 3 
Missile 


Rapids, lowa, 
the Pacific 
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TUBE DISTRIBUTORS BALANCED SERVICE 








Strengthen your competitive position by: cutting your 

production costs, saving production time, minimizing 

inventory, storage and handli: without paying a 

premium, When you buy in warehouse quantities. 

How?... By making full use of TD’s “balanced service”: 

1. Systematic handling that insures on-time-delivery. * 

2. Personalized Inventory Plan custom-tailored to your 
requirements. 

8.TD’s comple te quality control program, 

4, Extra warehouse service. 


irre ef 
fr COSLS.. 


5. Technical assistance from steel tubing specialists. 
6. Thousands of sizes in all 
in stock 


standard types and analyses 





n90784 5~ 
AMERICAN 
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missiles and rockets, January 26, 1959 





cuts your steel tubing inventory costs! 


*SYSTEMATIC HANDLING THAT INSURES ON-TIME-DELIVERY! 
A systems procedure that practically eliminates error 
keeps right “on top” of your order from receipt to 
delivery. TD makes delivery according to your production 


schedule, not according to the size of your order, 


Call TD for 


aircraft and commercial quality 


stainless, alloy and carbon steel tubing, both 


Write Dept. M15 today for your copy of “Eighteen Ways 
to Save Money in Your Steel Tubing Purchasing,” 


TD 


and 


the name of your nearest representative 











WD ruse DISTRIBUTORS Co., INC. 


GARDEN CITY 


NEW YORK 
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Reliability and 
Quality Assurance 
Engineers 


Join Raytheon’s dynamic Government Equipment Division where ex- 
panding reliability and quality assurance functions have top manage- 
ment representation and management recognition of their importance 
in the successful production of complex military electronic equipment. 





Immediate openings at 


Wayland, Maynard, Waltham, and North Dighton, Massachusetts 
and Santa Barbara, California 











RELIABILITY SECTION HEADS Direct all phases of complete reliability efforts on 
important military electronics contracts. Minimum requirements: BSEE or BSME: 7 
years’ design and/or reliability experience, including 2 years in supervision. 


QUALITY ASSURANCE SECTION HEADS Direct all phases of complete quality 
assurance efforts on important military electronics contracts. Minimum requirements: 7 
years’ quality control experience, including 2 years in supervision. 


RELIABILITY ENGINEERS Perform reliability analysis and prediction; assume respon- 
sibility for following-up reported failures and recommending corrective action on major 
components of complex military electronic equipment. Familiarity with design, quality 
control techniques, and manufacturing processes necessary. Minimum requirements: BSEE, 
BSME, or BS in Math. and Physics; 2 years’ experience for Engineers; 7 years’ experience 
for Senior Engineer. 


QUALITY ASSURANCE ENGINEERS Determine and evaluate test and inspection 
procedures. Develop and apply statistical quality control techniques. Follow-up and recom- 
mend corrective action for failures of complex military electronic equipment attributable 
to test problems, vendor problems, and/or workmanship or manufacturing methods and 
processes. Minimum requirements: BS in EE, ME, IE, or Math. and Physics; 2 years’ 
quality control experience for Engineers; 7 years’ experience for Senior Engineers. 


PLEASE DIRECT YOUR INQUIRY TO: Professional Personnel Office, Government Equipment 
Division, Wayland, Massachusetts. 


RAYTHEON MANUFACTURING COMPANY 





Excellence in Electronics 





Statin Dana eM Ali 
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missile people § 





John J. Crowley, former director of 
the Guided Missile Office of the As- 
sistant Secretary of Defense for Engi- 
neering has been named vice president 
of the Grand Central Rocket Co. and 
will assume charge of project manage- | 
ment. Crowley resigned from General | 
Dynamics Corp. where he had been 
an executive assistant to the senior 
yice president for engineering. 

Vice Admiral Charles B. Momsen 
(ret.) recently was named engineering 
consultant for the Bendix Aviation 
Corp. Adm. Momsen, known for his | 
work on the “Momsen Lung”—a sub- 
marine escape device—will work on 
top-priority research and development 
programs. 

Joseph E. Long, formerly Aerody- 
namic Research Supervisor, Navy 
Bureau of Ordnance, is now Aeronau- 
tical Research Engineer, Mechanics 
Division, Directorate of Aeronautical 
Sciences, Air Force Office of Scientific 
Research. 

Cmdr. George Hoover, one of the 
country’s early space flight exponents 
and prime mover of Project Orbiter, 
predecessor of the Explorer satellite, 
has left the Navy after 25 years to be- 
come director of technical planning 
for Benson-Lehner Corp., manufac- 
turers of data processing machines. 
Hoover will have responsibility for 10- 
years-ahead technical development 
planning. 

These appointments have been an- 
nounced recently: 

Garrison Norton, former Assistant 
Secretary of the Navy, as president of 
Institute for Defense Analyses. 

Max Lehrer, specialist on Defense 
Department budgets, as assistant staff 
director of the Senate Committee on 
Aeronautical and Space Sciences. 

J. R. Juncker as military relations 
engineer for the Semiconductor-Com- 
ponents division of Texas Instruments 
Inc. 

Chance Vought Aircraft, Inc. has | 
announced election of Gifford K. John- | 
son to the presidency of Genesys Corp., 
its new commercial electronics subsi- 
diary in Los Angeles. 

Vincent Prus is in charge of Good- 
year Aircraft Corp.’s Subroc under- 
Water guided missile production 
gram. 

Frank B. Jewett, Jr., has been 
tlected executive vice president of 
Vitro Corp. of America, and William 
B. Hall was made a vice president of 
the corporation. 

Carl G. Holschuh, executive vice 
President of Sperry Rand Corp. has 
accepted a one-year appointment to the 


pi ()- 


governing Council of AOA. 
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EMPLOYMENT 


MISSILES 
ARE BIG 
IN THE 
ite) 2) & = 


WEST, 


pge je}. 


» ». and there’s big opportunity 
at BENDIX=—prime contractor 
for the TALOS MISSILE 


If you have the qualifications, you 
can build yourself an enviable en- 
gineering career with Bendix—and 
enjoy living in one of America’s fine 
residential and recreational areas. 

Bendix Missiles has opportunities 
now for engineers of exceptional 
ability. You'll be in the technical 
forefront of your profession at 
Bendix, working with men who have 
sparked some of the most important 
technological achievements of our 


Bendix 


PRODUCTS 
DIVISION 








Missiles 


time. You'll have the use of facilities 
and equipment that are unmatched. 
You'll enjoy a pleasant four- 
season climate, have excellent edu- 
cational facilities available to you 
and your family, and have easy 
access to Chicago. Most of all, you'll 
find satisfaction in doing important 
work alongside men who are profes- 
sional engineers. Mail the coupon 
today for a copy of “Opportunities 
Abound at Bendix Missiles’’. 


“Gendix” 
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Bendix Products Division—Missiles | 
412A So. Beiger St., Mishawaka, Ind. | 
Gentlemen: | would like more information concerning opportunities in guided missiles | 
Please send me the booklet “Opportunities Abound at Bendix Missiles 
NAME 
ADDRESS 
CITY STATE | 
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MECHANICAL ENGINEERS — 
with 2 to 7 years’ experience 

(EE, ME, AE or Physics) 












‘These positions are with 
General Electric's Ord- 
nance Department, con- 
tractor for some of the 
most complex weapons 
systems ever conceived— 
including POLARIS 
project fire control and 
guidance systems and 
TALOS handling and 
launching equipment. 
Based in Pittsfield, Mass- 
achusetts — heart of the 
Berkshire fishing and 
skiing country—the Ord- 
nance Department offers 
professional advance- 
ment in a winter and sum- 
mer vacation paradise. 
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IM MEDIATE OPENINGS 
IN THESE AREAS 








¢ Systems Development 
Design and Development 


Fire Conirol Engineering 
Gunfire and Missile 






« Electronic Circuit Development 
« inertial Components 
* Field Service and Evaluation 
* Quality Assurance 


Field Testing 
(Positions in Florida) 









Send resume in confidence to: 
Mr. W. Fielding, Div. 43-WD 


ORDNANCE CEPARTMENT 
OF THE DEFENSE ELECTRONICS DIVISION 


GENERAL @@ ELECTRIC 


100 Plastics Avenue, 
Pittsfield, Mass. 
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AN FITTINGS & HARDWARE 


Stainless, Aluminum, Brass, Steel. All sizes— 
immediate delivery from world’s largest shelf stock. 
Buy direct from manufacturer. Lower prices— 
Quicker service. Send for free wall charts showing 
complete line of AN & MS fittings and hardware. 
We also machine parts to your own special print 


COLLINS ENGINEERING CORPORATION 
9050 Washington Bivd., Culver City, California 











Manufacturer's Representatives 
Wanted 


To sell to industrials. Established elec- 
tronic line, consisting of amplifiers, 
bridges, potentiometers, calibration in- 
struments and computers. Several ter- 
ritories available. Non-conflicting lines 
satisfactory. Write full details, present 
principals, number of salesmen. State 
territory desired 


Box 122, Missiles & Rockets Magazine, 
1001 Vermont Ave., N.W., Washington, D.C. 














Advertising correspondence should be 
addressed to Advertising Sales Mamager, 
Missiles and Rockets, 17 East 48th Street, 
New York 17, N.Y. 


REGIONAL OFFICES: 


New York City: 17 E. 48th St., New York 
17. Edward D. Muhilfeld, Advertising 
Sales Manager; P. B. Kinney and G 
T. O'Mara, regional adv. mgrs. Phone 
PLaza 3-1100. 


West Coast: 8929 Wilshire Blvd., Beverly 
Hills, Calif. Fred S. Hunter, manager; 
Walton Brown, regional adv. megr.; 
James W. Claar, regional adv. mer 
Phones: OLeander 5-9161 or OLympia 
7-1555. 

Chicago: 139 N. Clark St., Chicago 2, I 
George E. Yonan, regional adv. mer. 
Phone: CEntral 6-5804. 

Cleveland: 244 Hanna Bldg., 1422 Euclid 
Ave., Cleveland 15, Ohio. Douglas H 
Boynton, regional advertising manager 
Phone: PRospect 1-2420. 

Detroit: 201 Stephenson Bldg., Detroit 2, 
Mich. Kenneth J. Wells, regional ad- 
vertising manager Phone: TRinity 
5-2555. 

Florida: 208 Almeria Ave., Coral Gables, 
Fla. Richard D. Hager, advertising sales 
representative. Phone: Highland 4-8326. 


Canada: Allin Associates, 12 Richmond 
Street East, Toronto Re Ontario 
Phone: Harbour 6898. Allin Associates, 
1487 Mountain St., Suite 4, Montreal, 
Que. 

Geneva: American Aviation Pubs., 10 
Rue Grenus, Geneva, Switzerland 
Anthony Vandyk, European Director 
Cable address: AMERAV GENEVA 

London: Norall & Hart Ltd., 28 Bruton 
Street, London W. I., England. Phone 
Grosvenor 8356 


Paris: Jean-Marie Riche, 11 Rue Condor- 


cet, Paris (9e), France. Phone: TRU- 
daine, 15-39, Cable address: NEWS 
AIR PARIS. 





Advertiser's Index 


American Bosch Arma Corp. 
Agency—Doyle, Kitchen & McCormick, Inc 


Barco Mfg. Co. 2 
Agency—Armstrong Adv. Agency, Inc 

Brunswich-Balke-Collender Co. 4 
Agency—McCann-Erickson, Inc 

Canadian Steel Improvement Ltd 20 
Agency—Cockfield, Brown & Co. Ltd 

Consolidated Electrodynamics Corp \b 
Agency—Hixson & Jorgensen, Inc 

Douglas Aircraft Co., Inc a | 


Agency—J. Walter Thompson Co 
The Dow Chemical Co. 4 
Agency—MacManus, John & Adams, Inc 
ElectroData, Div. of Burroughs Corp M 
Agency—Carson Roberts Inc. 
Electro Instruments, Inc. 52 
Agency—Clyde D. Graham Adv 
Flight Refueling, Inc. 4 
Agency—Emery Adv. Corp 
Generai Chemical Div Allied Chemical 
Corp. ”“ e 
Agency—Kastor, Hilton, Chesley, Clifford 
& Atherton, Inc 
B. F. Goodrich Aviation Products Div.. 
B. F. Goodrich Co 13 
Agency—Batten, Barton, Durstine & Os- 
born, Inc 
Goodyear Tire & Rubber Co., Inc.. The 3 
Agency—Kudner Agency 
Grove Valve & Regulator Co 5] 
Agency—L. C. Cole Co 
Hydromatics, Inc. %, 7 
Agency—Industrial Marketing Assoc... Ady 
International Business Machines Corp 12 
Agency—Benton & Bowles, Inc 
Kennametal, Inc. 4 
Agency—Ketchum, MacLeod & Grove, Inc 
Kintel, a Div. Cohu Electronics, Inc 2 
Agency—Erwin, Wasey, Ruthrauff & Ryan, 


Inc 
Lockheed Aircraft Corp., Missile System Div. 
Agency—Hal Stebbins, Inc 
Northrop Aircraft, Inc. 
iia Wasey, Ruthrauff & Ryan, 
nc. 
Pan American World Airways, Inc., 
Missiles Range Div. 
PneuDraulics, Inc. .. 
Agency—Publication Engineers 
Raytheon Mfg. Co 
Agency—Donahue & Coe, Inc 
Republic Mfg. Co. 
Agency—J. N. Patterson & Assoc 
Republic Steel Corp 6, 
Agency—Meldrum & Fewsmith, Inc 
Resistoflex Corp 
Agency—Marsteller, Rickard, Gebhardt & 
Reed, Inc 
Safeway Heat Elements, Inc % 
Agency—G. F. Sweet & Co., Inc 
Space Technology Labs (Thompson Ramo- 
Wooldridge, Inc.) 10 
Agency—Gaynor & Ducas, Inc 
System Development Corp . 4 
Agency—Stromberger, LaVene, McKenzie 
Temco Aircraft Corp 3 
Agency—Rogers & Smith Adv. Agents 
Tube Distributors Co., Inc 47 
Agency—Duncan-Brooks, Inc 
Washington Steel Corp ” 
Agency—Cabbot & Coffman, iInc., Adv 
Western Gear Corp 
Agency—Burke Dowling Adams, Inc 
Westinghouse Electric Corp \4 
Agency—Fuller & Smith & Ross, Inc 
EMPLOYMENT SECTION 
Bendix Aviation Corp., Bendix Products Div. # 
Agency—MacManus, John & Adams, Inc 
General Electric Co 50 
Agency—Deutsch & Shea, Inc 
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when and where 





JANUARY 
Fifth Annual Radar Symposium (classified), 
Rackham Bidg., University of Michigan, 


Ann Arbor, Jan. 27-29 
Society of Plastics Engineers, 15th Annual 
Technical Conference, Hotel Commodore 
New York, Jan. 27-30 : 
Armour Research Foundation, Fifth Annus 
Midwest Welding Conference, Illinois In- 
stitute of Technology, Chicago, Jan. 28-29. 
Columbia University and Sylvania-Corni 


Nuclear Corporation, First Internation 
Symposium on Nuclear Fuel Elements, 
Columbia University, New York, Jan 
28-29 


FEBRUARY 
14th Annual Technical and Management 
Conference, Reinforced Plastics Div., 
ciety of the Plastics Industry, Inc., Edge 
water Beach Hotel, Chicago, Feb. 3-5. 
IRE, AIEE 1959 Solid State Circuits Confer 
ence, University of Pennsylvania, Phila 
deiphia, Feb. 12-13. 


missiles and rockets, January 26, 1959 








